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1. Introduction

This document reports the result of a study of possible utilization

of the Tracking and Data Relay Satellite System (TDRS) by the High

Energy Astronomical Observatory Satellite (HEAO-C). The primary func-

tion of the study was to assess the impact upon the HEAO telecommuni-

cations system of the proposed relay satellite-to-ground-link configu-

ration.

The TDRS-system design is being managed by the Goddard Space

Flight Center. The system was originally planned for the late seventies,

and it is designed to perform the function of most of the NASA ground-

tracking and communications network at a net cost savings for NASA.

At this time, NASA hopes to have the TDRS system in operation by 1979,

with private industry, using the NASA technology, deploying the system.

and NASA leasing most of the TDRS capacity.

The HEAO program is being managed by the Marshall Space Flight

Center. NASA plans to launch HEAO spacecraft in 1977, 1978, and 1979.

The HEAO-C satellite (1979) is a potential user of the TDRS system.

If the HEAO-C does indeed become a TDRS system user, the cost

of the satellite telecommunications system will definitely be increased.

Only the decreased costs of maintaining the ground stations can justify

the increased cost and complexity of the HEAO-C telecommunications

system.

Several ground-rules were accepted in defining the scope of the

study. They included accepting the present definition of the TDRS

system (antenna gains, transmitter power, etc.o) and determining the
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parametric requirements of the HEAO-C in order to maintain the re-

quired communications standards. This report, then, is primarily

a description of the TDRS system as it relates to the proposed TDRS-

HEAO-C communication links, a description of the HEAO-C data handling

requirements, and a discussion of the resulting HEAO-C telecommunica-

tion requirements, and a design of a proposed HEAO-C telecommunications

system.

Detailed effort in the study has been directed toward several

specific system components. This includes the pseudonoise spread-

spectrum modem transponder for the HEAO-C and ground receiver. More

general consideration was given to components such as the spacecraft

antenna system and error control coding and decoding schemes. Also

general power budget data were calculated to confirm the feasibility

of the proposed communication link.
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2. Tracking and Data Relay Satellite System,
Current Specifications

This section describes the TDRS telecommunications system as it

relates to the proposed HEAO-C TDRS communications link. Table 2-1

shows the TDRS frequency plan. Table 2-2 shows the Telecommunication

service specifications for low and medium data rate users. The HEAO-C

will be a MDR usertherefore in this section most of the material will

relate to the MDR section of the TDRS system.

The TDRS is designed to accomodate two medium data rate users.

This is accomplished with the telecommunications substem block diagram

as shown in figure 2-1. The TDRS-user forward link has S-band and Ku-

band capability. The MDR TDRS antenna system is assured to be an 8

(eight) foot parabolic dish antenna with 60% efficiency. (This figure

is in variance with some initial TDRS design, such as the 6.5 foot

dish suggested by the RI TDRS study.) The system has the capability

of supporting two MDR users with any combination of Ku or S-band,

and one of the MDR space-to-space forward link transponders and antenna

can serve as a back-up for the TDRS-Ground Ku-band link.

One initial design of the TDRS specifies that the MDR-S band

capability is for users with data rate less than 105 bps. Exception

to the specifications is taken in this study.

The TDRS transponder functionsas a linear translator in both the

forward and return link. For this reason, and because power flux

density impinging on the earth's surface from the TDRS satellite is

limited by IRAC standards, the data must be spread in bandwidth, this

spread spectrum is achieved by modulating the information signal by

a pseudonoise signal. The pseudonoise signal selected for this

application is a shift register generated pseudo random digital sequence.



4

The IRAC guidelines for maximum power flux density at the earth's

surface for various frequency bands are given in table 2-3.
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Links Frequency Channel Bandwidth

LDR 400.5 to 401.5 MHz 1 MHz
4 - 250 Khz channels

* MDR
S-band 2025 to 2120 MHz 95 MHz channel
Ku-band 14.6 to 15.2 GHz 4 - 100 MHz channels

* TDRS/GS

o Ku-band 13.4 to 13.64 GHz 240 MHz
VHF 148.26 MHz
S-band 2200 to 2290 MHz 90 MHz

* Tracking/Order Wire 2066 MHz

* Ku Beacon 15.0 GHz

* LDR 136 to 138 MHz 2 MHz (20 users
multiple accessed/TDRS)

* MDR
14 S-band 2200 to 2300 MHz 20-10 MHz slots in 5

MHz steps or 100 MHz
wide open

* Ku-band 13.6 to 14.0 GHz 4-100 MHz channels

* TDRS/GS
Ku-band 14.6 to 15.2 GHz 200 or 600 MHz channel
VHF 136.11 MHz
S-band 2025 to 2110 MHz 85 MHz

* Tracking/Order Wire 2249 MHz

Table 2-1 TDRS Frequency Plan
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Description LDR User . MDR User

Number of users Forward: Minimum of 1 Minimum of 1

Return:. 20

Frequency Forward: VHF, UHF,
S-band S- or X- or Ku-band

Return: VHF

Communications Forward: 100 to 1000 bps Forward: 100 to 1000 bps

requirement

Return: 1 to 10 kbps Return: 10 to 1000 kbps

Constraints "Linear transponder in "Linear TDRS transponder

return link - return link

"High RFI "Variable frequency

'Flux density (IRAC): "Flux density (IRAC):

VHF < -144 dBw/m 2 /4 khz S-band <.-154 dBw/m 2 /4 khz
UHF 7 -150 dBw/m2/4 khz X-band -150 dBw/m 2 /4 khz
S-band < -154 dBw/m 2 / Ku-band< -152 dBw/m 2 /

4 khz 4 khz

"EIRP = +30 dBw/channel 'BER= 10 - 5

(VHF, UHF)

= +41 dBw/channel(S)

.BER = 10 - 5

Table 2-2 TDRS Telecommunications Service Specifications
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I NN1 2 No 20 f~"1

UHF 400 5 407 5 MHi VL" 13, :4 M,

2SIMULTANEOUSLY 21' IMU A- rOLjU L

S- BAND 2,200 2.300 GHI S BAND 3GH
OR J OR

KU-BAND 136 140GHz KU BAND 136 140GHi

1 DP_ ---- TORS
NO[J NO 1 NO 2

5 BAND 2.025 2. 10 GHtI S, BAND 2 025 2 120GHz
OR 4IK OR

KU-BAND 146 - 14 8 GHz KU BAND 146 14 8 GHI
15 0 152 150 152

KU-BAND 134 1364GH/ IiKU BAND 146 152GHz

2 SPARE

GROUND
STATION

Figure 2-1 Telecommunications Service Subsystem Block 
Diagram

Frequency Band Flux Density in 4 kHz

VHF - 144 dBw/m2

UHF - 150 dBw/m 2

S-band - 154 dBw/m 2

X-band - 150 dBw/m2

Ku-band - 152 dBw/m 2

Table 2-3 IRAC Guidelines
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3. HEAO-C, Telecommunications Requirements

The Telecommunication requirements of the HEAO-C satellite are

assumned as follows:

LOW RATE MODE 1 TDRS

Forward Link: 1 kbps Command Channel

Return Link: 6.4 kbps Real time telemetry

12.8 kbps Recorded data

19.2 kbps TOTAL DATA RATE

LOW RATE MODE 2 TDRS

Forward Link: 1 kbps Command Channel

Return Link: 6.4 kbps Real time telemetry

3.2 kbps Recorded data

9.6 kbps TOTAL DATA RATE

HIGH RATE MODE

Forward Link: 1 kbps Command Channel

Return Link: 128 kbps Real time experimental data

Power link margin is specified as 10db for a telemetry BER of

1 part in 106

Uplink commands at I kbps are PCM/PSK/FM modulated on a 70kH

subcarrier which is phase modulated on the carrier.

The HEAO-C command and data handling subsystem block diagram is

shown in figure 3-1. The momenclature used in this diagram is as follows:

CDHS: Command and Data Handling System

PCD: Primary Command Decoder
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SCD : Secondary Command Decoder

SCP : Stored Command Programmer

CCU : Central Clock Unit

RMU : Remote Multiplexing Unit

TRIU: Tape Recorder Interface Unit

USB : Unified S-Band

TA : Transfer Assembly

The overall communication and tape recorder system block diagram

for HEAO-C - TDRS capability is shown in Figure 3-2.

The impact on the HEAO-C instrumentation of the TDRS relay link

would be the reduction or elimination of the HEAO-C tape recorder

requirement.
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Figure 3-2 Communication and Tape Recorder System Block Diagram
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4. Communication Link Analysis

This section is divided into two parts, a procedure for factoring

the effects of spread spectrum techniques into power budget calculations

and TDRS-HEAO-C power budget calculations.

(a) Procedure for Factoring the Effects of Spread Spectrum
Techniques into Power Budget Calculations

Normal power budget calculations for single-user, single-channel

applications consist of the following steps:

(1) Determining the system parameters such as transmitter power
transmitter loss, transmitter antenna gain, atmospheric loss,
polarization loss, space loss, receiver antenna gain, receiver
noise figure, preamplifier noise temperature, receiver losses,
and bandwidth.

.(2) Using appropriate parametric relations, calculate the con-
trast;ratio at the receiver output.

(3) Alternately, given the required contrast ratio for a given
error tate limit at the demodulator, optimize the parameters
in (1) to yield the required contrast ratio. The optimiza-
tion procedure might require minimization of system cost,
minimization of transmitter power, minimization of receiver
antenna gain. Normally, the procedure requires some sub-
jective parametric tradeoffs based on engineering judgement,
along with objective parametric tradeoffs based on a mathe-
matical optimization of the system model.

The purpose of this sectionis to give a straightforward procedure

for including the effects of a spread spectrum implementation upon the

final contrast ratio for a communications links under conditions that

include multipath and RFI conditions.

An analytical consideration of the problem is complicated by the

fact that under realistic conditions both RFI and multipath interference

are characteristically nonstationary.
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MULTIPATH GEOMETRY

A single model for the purpose of contrast ratio estimation under

conditions of multipath is based on the configuration of figure. 1,

TDRS

ro

userU r2

\ 'l

d , d2

Figure4-1 TDRS-USER DIRECT AND MULTIPATH SIGNAL ROUTES

2 2 2
r o = (d 1 + R) + (d 2 + R) - 2 (d I + R) (d 2 + R) cos(6) (4-1)

Using the simplifying assumption that 0 is small the law of sines as applied

to figure 1 yields

R + d R
S(4-2)

R+d 2  R

aS (4-3)

Also

, + e - = 0 (4-4)

And +62 - a= 0 (4-5)
And

1 2 
(4-6)

Solution of these equations yields

=R O(R + d)
R(dl+d2)+2dld 2 (47)
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RO(R+d )
R(dl+d2)+2dd 2  (4-8)

0 (R+dl) (R+d2)
S- R(dl+d 2) + 2d1d2  (4-9)

8(R+d2) dl
81=

R(dl+d2) + 2d1d2  (4-10)

and

e2 O(R+dl) d2  (4-11)
R(dl+d2 )+ 2d 1 d 2

The approximate time delay for the reflected signal path is

d  3X 8 d 2 + d1  - (d2 - dl)

= 2dl
-I 2 (4-12)

3X10 8

and the slant-range to the user or TDRS from the reflection point is

approximately equal to the orbit altitude.

The spherical surface of the earth causes divergence of the

reflected signal in figure 1. This results in an attenuation

2
A= rs

(dl+rs)2 (4-13)

where rs is the distance from the point of reflection to the virtual signal

source. For small a,

R2

(2dI + R)
2  

* (4-14)

Figure 4-2 illustrates the reflecting area for a particular TDRS-USER position.



16

TD RS

d2

\ USER

Figure 4-2 TDRS-USER Geometry

In general, because of the complex nature of the earth's 
surface, the

multipath signal to the user arrives from a relatively 
large area of the earth's

surface. This results in a Doppler and delay distortion of the returned signal.

This spread in multipath delay causes a distortion in 
the autocorrelation

function of the PN code modulated on the multipath component 
of the TDRS-User

signal. This distortion reduces the likelihood that the user PN transponder

will "lock-on" the multipath component of the signal. 
If the bandwidth of the

autocorrelation filter is B, the digital PN rate is fc, and

2d
1  1

8 B
8XB (4-15)

3 X 10

then the multipath component of the user input signal 
is spread with minimum

effect on the transponder PN-loop tracking.

To facilitate the power budget analysis, the PN spread spectrum system

will now be described.
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General Description of Spread Spectrum Systems

In general, spread spectrum systems are those eamunioations schemes

which utilize a wider spectrum bandwidth than the channel infbormatican

signal bandwidth. A simple PH coonniations system can be interpreted as

a spread spectrum system under this definition. The conmunications pro-

cessing is performed in such a way that the extra spectrum utilization

results in improved signal-to-noise ratio at the receiver output. In other

words, spectrum has been traded for increased signal-to-noise ratio.

Spread spectrum systems are very effective in situations where inter-

ference is a significant factor. In space communications, the spread speetrum

concept has been proposed to combat multipath fading and provide inteffereaoe

rejection in such applications as couiioation-relay-satelite to user links.

Pseudo-Noise Systems

A pseudo-noise system is a particular fbrm of spread spectrum system

that combats mltipath fading and interference, and in addition can provide

ranging, telemetry synchronisation, ad addressing. The term "pseudo-noise"

refers to noise-like sub-oarriers used in such systems, usually generated

from a maximum lengbh digital sequence generator. Maximum length digital

sequences have many properties that make them statistically similar to

true random digital sequences. One of these is the similarity of the

autocorrelation functions of maximum length and true random digital sequences

as illustrated in figure 4-3. In the figure, TB is the digital clock period

and L 2n-1
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1.0

-TB U TB ... ... __.. .

(a) True Random Sequence Rx

1.0

-LTB TB T 3  LT

(b) Maximum Length Sequence

Figure 4-3 Autocorrelation Function of True Random Sequence and Maximum
Length Sequence.

The power spectrum of the true-noise sequence is the Fourer transform of

the autocorrelation function,

Fig . =re 4 illustrates the power spectrum. TB(Sn(TBTB
Fi re-4-4illustrates the power spectrum.

Amplitude

Fu2e 4 0 2 vt

B BB

Figure 4-4 Power Spectrum of a Random Digital Sequence
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The spectrum of the pseudo-random or pseudo-noisesequence has the

envelope of figure4L4 but consists of impulse functions spaced at inter-

vals of 2TT/(LTB) radians.

If L is large,the unit impulse functions are closely packed, with L

spectral components between 0-O, 6=2Y/TB.

Transponder Design

To illustrate the capability of the PN spread spectrum scheme, a

typical space PN-transponder design will be reviewed. Figure4-5 is the

transponder design.

A simplified diagram of the communication capability of the trans-

ponder is given in figure 4-6.

CL PN LOOP
rT OndeFILTER

CLL90*

CLOCK
PNG VCO

TRANSMITTER
OUT PUT,

Figure 4-5 Complete PN Transponder



INTERFERENCE

OSCILLATOR DE FILTER

G RI I

PN . PN
GENERATOR I I GENERATOR

#1 #2

I I

TRANSMITTER CHANNEL RECEIVER

Figure 4-6 Simplified PN System Diagram
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The spectrum representation of the signals at point A and B are

given below, the spectrum of the signal at point C is the convolution

of the signals at A and B.

Relative
Amplitude

Figure 4-7 Spectrum at Point A

Relative
Amplitude

= 2w/TB

Figure 4-8 Spectrum at Point B
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Relative

Amplitude

Figure 9 Spectrum at Point C

The spectrum point D, after additive interference in the channel is

shown in figure 4~l0

The interference is assured to be an additive sinusoidal at frequency

WI radians/sec.

Relative

Amplitude

Fiure Sectrum at Point D

Figure 4 i10Spectrum at Point D
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Assuming the PN generator in the receiver is synchronized with the

PN generator in the transmitter, the spectrum representation of the

signal at point E is the convolution of the PN sinc envelope with the

composite signal at point D, and the results are shown in figure4-11.

Relative
Amplitude

Figure 4-11 Spectrum a1 Point E

The filter in figure4-6 is aband pass unit centered around 6c

and the spectrum at point F is shown in figure4-12.

Relative
Amplitude

Figure 4-12 Spectrum at Point F
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The interfering signal added in the channel is spread by the

PN demodulation process, and only a portion of the energy associated

with this interfering signal is passed to the output by the filter.

The operation of the PN modulation-demodulation scheme in Figure

4-requiresthat the PN generator and digital clock driving this gene-

rator in the receiver be synchronized with the PN generator and the

clock in the transmitter. The PN transponder shown in Figure 4-5 in-

cludes the necessary circuitry to achieve this sychronization. A

simplified block diagram of. the transponder is shown in Figure 4-13.

The operation D is convolution in -the frequency domain or

multiplication (Corresponding to digital modulo-two addition) in the

time domain. The clock phase-lock loop, the carrier phase-lock loop,

and the PN generator are shown in Figure 4-14, 4-15,. and 4-16

respectively.

The transponder "locked" condition means the carrier phase, the

clock phase, and the PN generator must all be synchronized with the

signal comprising the input signal, PN 0 CL ® CAI. The time required

for synchronization depends upon PN code lengths and loop bandwidths.

For a particular TDRS-user transponder design, studies have shown a

lock-up period of several minutes is required. This long period re-

quired for achieving synchronization could be excessive for some

communications users, and this question deserves further investigation.



CA4

CL

Clock

Transponder Phase Lock

input
PN@ CL @ CA 1 CL@ CA 3 CL@ CA 4

First . fSecond Carrier
IF "IF Phase Lock.

CA4 Loop CA
PNIDCA2

CA2 M( XN

PNO CL P
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Transponder Output CA5
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Figure 4-13 Simplified Transponder Block Diagram
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Figure 4-14Clock Phase Lock Loop
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Figure 4-15Carrier Phqse Lock Loop
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Memory Elements

1 2 3, ,, ,n- n

Modulo - Two Feedback

Figure 4-16Maximum Length PN Sequence Generator

PN Parameters

In a multiple user system such as the conceptual TDRS design, the number

of expected users affects the choice of PN parameters. In the TDRS design

approximately 40 simultaneous users must share the assigned spectrum. It was

concluded from early studies that the number of suitable PN codes was not

sufficient to allow user identification by assigning a unique PN code to

each user. A possible means of avoiding this problem is the use of hybrid-

sum sequences rather than maximum-length sequences as the PN code. Figure4-

17 is a block diagram of a hybrid-sum sequence formed from the modulo-

two sum of several maximum-length digital sequences. A recent study has shown

that the statistical properties of hybrid-sum sequence are potentially better

than those of maximum length sequences, and are much easier to evaluate

analytically.



N MAXIMUM-LENGTH GENERATORS

MAXIMUM-LENGTH
GENERATOR

#1

MAXIMUM-LENGTH
GEN ERATOR

#2

O HYBRID-

SUM

0 SEQUENCE

-0

. MODULO-TWO
ADDER

MAXIMUM-LENGTH
GENERATOR

i#N

Figure 4-17 Hyrid-sum sequence generator
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Currently a study is being performed to evaluate the capability of these

codes to improve the lock-up and tracking performance of PN transpondersfor use

in the TDRS-user system.

The autocorrelation functions of hybrid sum sequences for k-even and k-odd,

where k is the number of ML sequences forming the HS sequence, is shown in

figure 4-18. The autocorrelation function for the case k-=l (single ML sequence)

is a two level function in the general case. With this assumption the clock

phase-lock-loop error signal (point C,fig.4-1.4 is shown in figure4-18. As in

the case of ML sequences there is a stable lock point and tracking can be

achieved. The time parameter L is given as.

k ni
L (2 - 1)

i=1
and there are many possible vaTues ofLdepending on the different selections

of ni, the component generator sizes.

R (T)
xx

1k odd

k even

-L L

Figure 4-18. txamples of the autocorrelation function of sum
sequences from k generators



Figure 4-19 Error Signal of Clock Phase Lock Loop

The expected improved performance of the HS system is based on a preliminary

design of a lock-up mode where each component ML sequence locks independently.

Since the component ML sequence can be much shorter than the final HS sequence,

lock up time can be reduced,. Also, because of the improved statistical

properties of the HS sequence, lock communication performance 
should be improved

to some extent.

These considerations are important to TDRS users, for example, improved

lock-up performance of the transponder might eliminate the need for significant

user data storage and assure real-time data from user to ground over a longer

period near TDRS handover. An in-depth study of the parameters of the s'pread-

spectrum hybrid-sum transponder design as applied to the TDRS system is

continuing.
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Power Budget Calculations

Normal power budget calculations can be modified to calculate the

expected performance of a spread-spectrum communications system in the

presence of multipath.

The final contrast ratio is

CR = P

Where P is the signal power density, k is Boltzman% Constant, and T is

the effective system temperature. T can be expressed

T = Tr + Tm

where Tr is the effective receiver temperature which is calculated from the

receiver noise-figure and the antenna temperature, and Tm is the effective

temperature of the spread multipath component. If the information bandwidth

is BI and the PN clock rate is fc, then

fc
G= I

B
I

is the system processing gain.

If Pm is the total multipath power component of the.returned signal,

then the spectrum at the multipath component is spread, and

Pe = Pm
BI G

is the effective power density of the spread multipath signal. The effective

temperature due to the multipath component is then

Tm= Pm
kGB I

The following procedure can be utilized to modify the standard contrast

ratio calculations when there is a multipath signal component and a spread

spectrum system is being used.



32

(1) Calculate the system noise temperature, TR, as the sum of the receiver

noise temperature and the antenna temperature.

(2) Calculate the signal power, Ps, at the user with standard techniques.

(3) Calculate the multipath signal power at the user using

Pm a 2 PR2

(2d1 + R)2

where
Ps is the signal power
R is the radius of the earth
dl is the altitude.of the user
(see fig. 1)
a is the earth reflectivity

(4) Calculate the effective multipath temperature as

PM

T = kGBI

where k is Boltzmans Constant, and G is the processing gain,

G= fc
BI

The calculation above must be based on the condition

2d
1  1

3X108  B

where B is the bandwidth of the tracking filter in the PN phase lock-loop.

(5) Calculate

T=Tr +Tm .

(6) Calculate the contrast-ratio

CR =P
kTBI

As an example, consider a user orbit

dl = 200 km

with a PN clock rate of 40 MHZ and an information bandwidth of 1.5 MHZ.
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The analysis procedure is as follows:

(1) Assume the system noise temperature referred to the
receiving antenna is 700 K.

(2) Assume the signal power at the user is - 80 dbm.

(3) The multipath signal component is

Pm = 83.6 dbm.

where

S= .707

(4) The multipath effective temperature is

T = 220Km

(5) The total effective system temperature is

T = 9200K.

(6) The contrast ratio is

CR = 16 db

The above analysis is appropriate because

l = 1.33 X 10"3 =1.024 X 10 - 6

3X108

where the bandwidth of the loop tracking filter is

B = 980 KHZ.
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(b) Power Budgets and Links Performance

This section describes power budget calculations used to evaluate

the proposed HEAO-C-TDRS forward and return links. The TDRS-Ground

link was not considered since this properly would be part of the

TDRS system design, and in any case it is not the critical link.

The HEAO-C-TDRS (return) link is critical because of the required

data rate. The 1Kbps TDRS-HEAO-C (Forward) link required performance

margin is easily achieved if the return link parameter most ~IthAr

required margins.

The following tables give the power budget cilculations and

form a parametric study of the link. The following lists the tables

included:

TABLE DESCRIPTION PARAMETERS

4-1 S-BAND HEAO-C-TDRS RETURN LINK 2.025 GH9
3 db TRANSMITTER
ANTENNA GAIN

4-2 X-BAND HEAO-C-TDRS RETURN LINK 10.357 H
3 db TRANSMITTER
ANTENNA GAIN

4-3 Ku-BAND HEAO-C-TDRS RETURN LINK 15.200 GH&
3 db TRANSMITTER
ANTENNA GAIN

4-4 S-BAND HEAO-C-TDRS RETURN LINK 2.025 GHZ
18.8 db TRANSMITTER

ANTENNA GAIN

4-5 S-BAND HEAO-C-TDRS FORWARD LINK 2.025 GH
3 db RECEIVER
ANTENNA GAIN

4-6 Ku-BAND HEAO-C-TDRS FORWARD LINK 15.200 GHZ
3 db RECEIVER
ANTENNA GAIN

4-7 S-BAND HEAO-C-TDRS RETURN LINK 2.025 GH&
3 db TRANSMITTER
GAIN, LOW RATE MODE
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The calculations for the power budgets (1-6) were made with the

assumption of the HIGH RATE MODE in the return link and 1 KBPS command

signal in the forward link. The power budget for case 7 is for the

low rate mode in the return link. In all cases of the return link the

HEAO-C transmitter power is specified as 10 watts. In all cases the

TDRS-HEAO-C range is assured as 3.58X1 7 METERS. The TDRS-MDR con-

figuration is assured to include an 8 ft. 601 effective aperture

reflective antenna.

The antenna pointing loss calculations are based upon a .3o RMS

polinting error of the TDRS-MDR (8t)dish antenna.

Other parametric data, such as the TDRS receiver equivalent

noise temperature, are taken from contractor TDRS studies.
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S-BAND HEAO-C-TDRS RETURN LINK
2.025 GH9 CONFIGURATION 1

1. Transmitter Power. 10 WATT 10 dbw

2. Circuit Loss -1 db

3. Transmitter Antenna Gain 3 db

4. Pointing Loss odb

+ = 2.025 GH4 7
5. Space Loss d=3.58x10 ng -189.7

6. Polarization Loss odb

8'DISH-60%
7. Receiver Antenna Gain 32.3 db

8. Pointing Loss -.3db

9. Net Circuit Loss -157.4

10. Received Signal Power -145.7 dbw

11. Thermal Noise Spectral Density -199.Odbw/Ha
EQ = 900%

Receiver Signal Power to Therma
12. Noise Spectral Density 53.3 db

13. Channel Rate DATA 128kBPS 51.1 db BPS

14. Coding Gain 6 db

15. S/N Contrast Ratio 8.2

16. Required S/N ForpE = 10-6 10.8

17. Margin -2.6

18. Desired Margin 10 db

70.5KBPS
19. Allowed Channel Rate No Margin 48.5 db BPS

.6 .. * .
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X-BAND HEAO-C-TDRS, RETURN LINK

10.357 GHZ CONFIGURATION 2

1. Transmitter Power. 10 dbw

2. Circuit Loss -1 db

3. Transmitter Antenna Gain 3 db

4. Pointing Loss odb

f= 10.357x10 9H -  7
5. Space Loss =3.58x10 m -203.7 db

6. Polarization Loss odb

8'DISH -60%
7. Receiver Antenna Gain .46.5 db

8. Pointing Loss .30 - 2.3 db

9. Net Circuit Loss -157.2 db

10. Received Signal Power -148.5 dbw

-TEQ=- 9000
11. Thermal Noise Spectral Density -199.0 dbw/H9

Receiver Signal Power to Therma

12. Noise Spectral Density 50.5 db

13. Channel Rate Data 128K BPS 51.1 db BPS

14. Coding Gain 6 db

15. S/N Contrast Ratio 5.4 db

16. Required S/N For PE=--10- 6  10.8 db

17. Margin - 5.4 db

18. Desired Margin 10 db

37K BPS
19. Allowed Channel Rate No Margin 45.7 db BPS
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KU-BAND HEAO-C-TDRS RETURN LINK
15.2 GHZ CONFIGURATION 3

1. Transmitter Power low 10 dbw

2. Circuit Loss -1 db

3. Transmitter Antenna Gain 3 db

4. Pointing Loss odb

f=15.2x109 ' 7
5. Space Loss d=3.58x10 m -207.1

6. Polarization Loss odb

8'DISH -60% 49.8 db
7. Receiver Antenna Gain

8. Pointing Loss .30 -6.18 db

9. Net Circuit Loss -161.5 db

10. Received Signal Power -151.5 dbw

11. Thermal Noise Speclral Density
T- E 00 -199.0 dbw/H9

Receiver Signal Power to Therma
12. Noise Spectral Density 47.5 db

13. Channel Rate 128K BPS 51.1 db BPS

14. Coding Gain 6 db

15. S/N Contrast Ratio 2.4

6616. Required S/N for PE=10 6  10.8 db

17. Margin .- 8.4

18. Desired Margin 10 db

19. Allowed Channel Rate No Margin
No MARGIN I 51CXKPS. 42.7 db BPS
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S-BAND HEAO-C-TDRS RETURN LINK

2.025 GH9 CONFIGURATION 4

1. Transmitter Power 10 WATT 10 dbw

2. Circuit Loss -1 db

30% 24-5.2 a n
3. Transmitter ntenna Gain 18.8 db

4. Pointing Loss 1.50 - .2 db

5. Space Loss -189.7 db

6. Polarization Loss odb

8' DISH - 60% 32.3 db
7. Receiver Antenna Gain

8. Pointing Loss -. 3 db

9. Net Circuit Loss -140.1 db

10. Received Signal Power -130.1 dbw

11. Thermal Noise Spectral Density -199.0 dbw/H

Receiver Signal Power to Therma

12. Noise Spectral Density 68.9 db

13. Channel Rate DATA 128K BPS 51.1 dbBPS

14. Coding Gain 6 db

15. S/N Contrast Ratio 23.8 db

66
16. Required S/N for PE=10 10.8 db

17. Margin 13 db

18. Desired Margin 10 db

19. Allowed Channel Rate No Margin 64.1 dbBPS
2.36..MBL
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S-BAND HEAO-C-TDRS FORWARD LINK
2.025 GH9 CONFIGURATION 5

1. Transmitter Power 17.7 watts 12.5 dbw

2. Circuit Loss - 1 db

8' DISH -60%
3. Transmitter Antenna Gain 32.3 db

4. Pointing Loss -.3 db

5. Space Loss -189.7 db

6. Polarization Loss _db

7. Receiver Antenna Gain 3 db

8. Pointing Loss -.1 db

9. Net Circuit Loss -155.8 db

10. Received Signal Power -143.3 dbw

11. Thermal Noise Spectral Density -199.5 dbw/HZ

Receiver Signal Power to Therma
12. Noise Spectral Density 56.2 db

13. Channel RateDATA 1K BPS 30 dbBPS

14. Coding Gain odb

15. S/N Contrast Ratio 26.2 db

16. Required S/N for PE=10 9  12.8 db

17. Margin 13.4 A]b_ _

18. Desired Margin 10 db

19. Allowed Channel Rate No Margin -

. . . . .. . . . . . . . . . . . . . . . . . - --
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KU[BAND HEAO-C-TDRS FORWARD LINK

CONFIGURATION 6

1. Transmitter Power -2 dbw

2. Circuit Loss -1 db

8DISH- 60%
3. Transmitter Antenna Gain 49.8 db

4. Pointing Loss .30 --6.2 db

5. Space Loss. -207.1 db

6. Polarization Loss odb

7. Receiver Antenna Gain 3 db

8. Pointing Loss -.1 db

9. Net Circuit Loss -161.6 db

10. Received Signal Power -163.6 db

11. Thermal Noise Spectral Density -195.1 dbw/HE

Receiver Signal Power to Therma
12. Noise Spectral Density 31.5 db

13. Channel Rate Data 1KBPS .30 db BPS

14. Coding Gain 6 db

15. S/N Contrast Ratio 7.5 db

-916. Required S/N for PE= 10 12.8 db

17. Margin -5.3 db

18. Desired Margin 10 db

19. Allowed Channel Rate No Margin
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S-BAND HEAO-C-TDRS RETURN LINK
2.025 GHZ CONFIGURATION 7

1. Transmitter Power 10 dbw

2. Circuit Loss -1 db

3. Transmitter Antenna Gain 3 db

4. Pointing Loss odb

5. Space Loss -189.7 db

6. Polarization Loss odb

7. Receiver Antenna Gain 32.2 db

8. Pointing Loss -.3 db

9. Net Circuit Loss -155.7 db

10. Received Signal Power -145.7 dbw

11. Thermal Noise Spectral Density -199.0 dbw/H

Receiver Signal Power to Thermi

12. Noise Spectral Density 53.3 db

13. Channel Rate 19.2 BPS 42.8 dbBPS

14. Coding Gain odb

15. S/N Contrast Ratio 10.5 db

16. Required S/N - .3 db

17. Margin 10 db

18. Desired Margin

19. Allowed Channel Rate No Margin -
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Several observations can be made from these power budget calcu-

lations. These include:

1. For the HEAO-C configuration with low-gain transmitting
antenna, the high data rate mode cannot be supported at
S-band, X-band, or Ku-band.

2. For the HEAO-C configuration with high-gain transmitting
antenna (18.8db)s the high data rate mode can be supported
with a 13db margin at S-band.

3. For the HEAO-C configuration with low-gain transmitting
antenna, the low data rate mode cannot be supported at
S-band without coding. Even with coding the margin would
be only 5.7 db (assuming a 6 db coding gain).

4. For the forward or command TDRS-HEAO-C link, the S-band
configuration will provide the 1KBPS link with a 13.4 db
margin. The Ku-band configuration cannot support the
link with the required data rate, link margin, and error
probability, even with error control coding. The speci-
fications of TDRS transmitter power for the S-band and
Ku-band links are from a contractor's (NAR) TDRS con-
figuration.
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5. Proposed HEAO-C Modifications

The proposed modifications in the design of the HEAO-C telecommun-

ications system includes error control coding, a spread spectrum modem-

for TDRS relay, and a command pointing.controlled S-band phased array

antenna. Specific problems involved in the spread spectrum modem;

design are discussed in sections 4,6, and 7. This section discusses

the error control coding scheme and the HEAO-C antenna system.

(a) Error Control Coding

A previous study of possible coding schemes for digital data in a

satellite relay communications link has concluded that convolutional

encoding in conjunction with soft-decisionViterbi decoding gives

favorable performance gain with minimum increased hardware complexity.

Figure 5-1 is a result of a computer simulation of a rate 1/3,

constraint length 7 convolutional coding scheme with a 3-bit soft

decision Viterbi decoder. As can be seen from the figure, at a bit

-5
error rate of 10 , a 6 db coding gain results with coded ideal coherent

PSK as compared with uncoded ideal coherent PSK. Figure 5-2 is a

diagram of a rate 1/3, constraint length 7 convolutional encoder.

Binary SHIFT REGISTER
Binary

Message 1 2 3 4 5 6 7

MODULO- 2
COMBINER

COMMUTATOR
CODED

-- MESSAGE

Figure 5-2 K = 7, V =3 Convolutional Encoder
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10-1
IDEAL COHERENT
PSK (UNCODED)

10-V2I

IDEAL COHERENT

10- 3  - PSK (CODED)

0 -

4 i
10-

i 6 _ i-----

li6
0 2 4 6 8 10 12 14

Eb/No ENERGY PER BIT SINGLE-
SIDED NOISE SPECTRAL
DENSITY, DB

Figure 5-1 - Simulation results for K= 7, V = 3

convolutional encoding/soft-decision Viterbi
decoding
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The modulo-2 combiner forms a modulo-2 combination of selected

register stages to form each of the three co mutaoat 
nodes..

This can be expressed as

Gi = (gi,g2i,..g 7 1 ), (5-1)

and

7
Ci gjiXj MOD-2 (5-2)

j=l

where X- is the contents of the jth shift register stage and g is

0 or 1 depending upon whether the jth stage contributes, modulo-2,

to the ith commutator pole.

The operation of the encoder is as follows: The binary message

may be much larger than the constraint length. The first bit of the

message is switched into the shift register, whose other stages are

logical zero, and a complete cycle of the commutator is made. The

next bit of the sequence is switched into the register, the initial

bit shifted to register stage two and anothersynchronous cycle of the

commutator is made. Using the synchronousshift and cycle procedure

the message sequence is encoded. At the end of the binary message

seven zeros are attached, and when they are shifted into the register

and accompanying code generated by the commutator, the shift register

is in the all zero state once more. For an. L - bit message ,

Lc = 3(L+6) (5-3)

bits from the coded message.

Decoding may be accomplished by sequential or Viterbi algorithms.

The sequential decoding method may be described as a tree searching

procedure, the exact details depending upon which particular algorithm
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is being used. The decoding procedure is best described by example,

K = 7 is large for the purpose of an example, so a K = 4, V = 3

example is given.

The tree structure for a K = 4, V = 3 truncated code is shown

in figure 5-4. The encoder for the code is shown in figure 5-3.

BINARY
MESSAGE 1 2 3 4

MODULO - 2

COMBINER

COMMUTATOR

CODED
> MESSAGE

Figure 5-3 Encoder for tree structure of figure 5-4 K=4, V=3.
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011

100

Starting 0
node
for

decoding 1
011

001

100

010
001

110

110

111 010

011

101

000

100

u 5111

Figure 5-4 Tree Structure for K=4 V=3 truncated code
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As an example assume the message

X=(1011) (5-4)

is to be transmitted. The encoder of figure 5-3 provides the coded

message,

Y=(1ll,010,110,110). (5-5)

Assuming the channel introduces the noise

N=(100,101,000,010), (5-6)

the received code is

R=(011 111,110,100). (5-7)

The sequential decoder will form the quantity

d =w [R #Y, (5-8)

where i represents the ith three bit sequences w represents the

weight function, and d is called the Hamming distance. The decoder

makes each decision at each mode of the code tree based on minimizing

the Hamming distance. However the decisionsare tentative, and if the

decoder finds in successive steps that it has probably made a wrong

bit decision it is able to backtrack and try another branch of the

code tree.

In the example, the decoded message would begin

C = 11.. (5-9)

the initial decision for the second bit being made in error. Proceeding.

down the error branch however significantly large values of d. are

encountered. Backtracking and trying the

0=10.. (5-10)

branch gives significantly smaller values of di on successive steps.
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The decoder algorithm is based on monitoring the statistical

properties of the sum of d. as the decoder proceeds into the code

tree. If the sum of the d. terms approaches a buildup rate of V

then the decoder declares an error and backtracks to a new branch.

Expected buildup of the di sum for the correct branch is PV

where P is the channel.transision probability for the binary symmetric

channel. The branch decisioncriteron is buildup somewhere between

V/2 and PV. The decoder keeps track of the branches it has explored

and avoids needless retracing of any branch.
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(b) Command Pointing Controlled Phased Array Antenna

The proposed phased array antenna for the HEAO-C-TDRS return link

will be a command pointing type with pointing commands formulated and

communicated from the ground. An example of a phased array airborne

steerable antenna system that would be applicable for this application

was developed by Texas Instruments Incorporated for NASA under contract

NAS8-25847. The antenna is an 128-element spiral array and achieved

the performance parameters listed below.

Subsystem Performance Value

Antenna (2282 MHz)

Boresight gain (dB) 23.9
60-degree scan.gain (dB) 20.3
Boresight axial ratio (dB) 0.3
60-degree scan axial ratio (dB) 2.0
Weight (pounds) 6.48
Boresight Isidelobe level (dB) 19.5
60-degree scan sidelobe level (dB) 9.0

Module

Noise figure (dB) 6.0
Receive gain (dB) 24

Diplexer isolation (dB) 35
Peak phase shifter phase error (degrees) 10
RMS phase shifter phase error (degrees) 5.2
Phase shifter amplitude error (dB) 0.5
Phase linearity (degrees) 5
Power output (dBW) 0.5
Transmit gain (dB) 19.0
Transmit efficiency (percent) 25
Weight (pounds) 0.275

Transmit Manifold (128-Element)

Peak phase error (degrees) +5.25
Peak amplitude variation (dB) +0.6
Peak output VSWR (Ratio:l) 1.65
Loss (dB) 3.2
Weight (pounds) 6.48
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These performance parameters were used in the TDRS-HEAO-C power

budget calculations.

The block diagram of the HEAO-C communications system with error

control coding and phased array antenna implementations is shown in

figure 5-5.

The TDRS-HEAO-C forward link is established on the low gain

(near isotropic) antenna. Pointing control commands are coded and

the return forward links are established with the phased array.

The current HEAO-C, NON-TDRS communication system block diagram

is shown in figure 5-6.



COMMAND SUBCARRIER

LOW TO COMMAND DECODER

GAIN

ISPREAD SPECTRUM
DIPLEXER TRANSPONDER E--

TLM
BASE DATA FROM
BAND DATA

ASSEMBLY CODER -TLM HANDLING
TLM

IDATA

POINTING COMMAND
--- 1 COMMAND DECODER

COMM N DRIVE (ANTENNA)

Figure 5-5 HEAO-C Communication System Block Diagram
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Figure 5-6 HEAO-CNON - TDRS, COMMUNICATION
SYSTEM BLOCK DIAGRAM
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6. CODE ITNTE ENCE

This section describes the problem of code interference in a spread

spectrum receiver. The spread spectrum system uses a wide-band modulating

signal to provide the spectrun spreading, and the receiver performs a

despreading operation. The spread-despread operation res-ults in a sig-

nal processing gain relative to correlated or coherent interference such

as multipath or janmmer interference. Code interference results when

several spread spectrum systems share the same channel. This condition

exists in the proposed TDRS-multiple user communications configuration.

The code interference problem is of concern during the two modes

of spread-spectrum modem operation

1. CCOPE AND CARRIER ACQUISITION

2. CODE TPRACKING. AND DATA DESPRE...DING

The result of code interference during the two modes is manifested in

different forms of systems performance degradation. During acquisition,

code interference results in increased false lock probability, and

increased expected acquisition time. During trackihg and data despreading,

code interference results in data contrast-ratio degradation and increased

probability of lost code lock.

For spread spectrum systems operating with small margins, such as

the proposed TDRS-USER configurations, the effect of code interference

is an important consideration.

Theapproach in the analysis of the code interference prcblerl was

to model the process in such a way that a statistical, moment analysis

could he made. Also, with a slightly different model, a computer simul -
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ation of the process was developed and evaluated.

Figure 6-1 is an overall diagram of a spread-spectrum receiver.

The local PN sequence generator provides the signal that despreads

PNOCLCA. Figure 6-2 is a PN sequence acquisition scheme. During

both the tracking and acquisition modes, an interfering code input

can be modeled as show in figure6-3. The filtering operation essentially

forms the weighted sum of the last M bits of the local PNA sequence con-

volved with the ,interfering code PN . For the analysis it will be assumed

that

CLB # CLA (6-1)

so that the two sequences slide past each other in the filter convtlution

operation. In the analysis codes A and B could be the same, in which

case the code self noise would be evaluated. The first step in the

analysis is to synthesizethe code sliding operation.. Figure 6- shows

possible models for three bit codes A and D.
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Figure 6-3 Code Interference System Model Operations
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Al A 2  A3  Al A2  A3  A,, A2  A3

B1 B2  3  B1  B2  B3  BI B2  B3 B1  B2 B3

MODEL 1

A A2 A A A A A A2 A

B B B B B B B B B
1 2 3 2 3 1 3 1 2

MODEL 2

A A A A A ( A A A A

BI  B2  B3  B B B B B2 B3

MODEL 3
Figure 6-4 Possible Code Models

The first model represents. the realistic situation, in most cases,

where code A and code B have unequal bit intervals(CLA # CLB). The

unequal bit intervals of model I present problems in the analysis, so

models 2 and 3 are constructed with equal bit intervals. In model 2,

sequence, B skips one bit, on a rotating basis, for each LB bits, where

LB is the B-sequence length. In model 3, sequence A "hangs-up"for.an

extra clock count on one particular bit during each L. bits, where LA

is the A-sequence length. The particiil ir "hang-up" bit occurs on a

rotating balsis. This is equivalent to a skipped clock count in the A

generator for each LA- clock counts. 4Nodels 2 and 3 approximate the

situation here CLA # CLB

The analysis is to be based on T"Odexl 3.

Another rele vaint model, the one ned

in the computer simu l.e..ition in the progr!':m COSII', is to consider the

code phase states represented in vector form as shown for the three
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bit sequence in figure 6-5.

5 A1A2A 3  A1A2 3  1 2 3
B1B2B3  3A1 2  AA 2A

1 A A2A A3A1A2  A3AjA2BlB2 3  B3BB 2  B2BBl

1 A2A3A1  A2A3A1  A2A)
BjB2B3  B3B1B2  B2B3B1

Figure 6-5

The time dependence of the model is represented as a trajectory

through the matrix, indicated by the horizontal and diagonal line seg-

ments. The diagonal line segments represent a variation in this normal

sequence of phase states caused by a droppedclock bit in generation A.

The forms of the filter output is slightly different for the two

approaches used in the analysis and the computer simulation COSIF.

s i s illustrated by the sequence of filter-outputs shown in figure 6-6.
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MODEL 3 COSIF MODEL

A3 AI  A3 A1

B3 B1 B3 B1

A2 A3  A2 A3

B2 B3 B2 B3

A 2 A 2  A 2 A 3

BI B2  BI B2

Al A2  Al A2

B B1 B3 B1

A3 Al A3 Al

B2 B3  B B3

A3 A3  A3 AI

B1 B2 B1 B2

A A A A

Al A2  ALI A 2

B2 B B B2 3 
2 '3

A A A- A

B B B B1 2 1 2

A A-6 A A

BI B2  B1 B2

Notice in the above there are three bii differences in the two models.

In gener.l there would be LI bit differences in LAL B pha.se combinations.

For large LB this difference is minim3 . The approximation of reality

in each case is based on the facit tlit, on the average CLA A CLB  even

though they are equal for certain segments of the sequence. Therefore
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model 3 and the COSIF model approximate the realistic model 1.

In order to study the code interference properties of maximum length

codes, hybrid sum codes, and Gold codes, the code generators are assumed

to be structured as shown in figure. 6-6. Code generator A is formed as

k
A A XiY (6-2)

where ka sub generators form generator A. Likewise, code generator B is

formed as

k
B. 7- X.,y
i y=kA+1 (6-3)

where

k = k + k (6-4)A B

The statistical moments of the code cross correlation (interference)

function can be expressed as

L-1 M-1 k
S = 1 E E XT XL i=_o j=o Y = 31 (6-5)

where

L=LL
AL B (6-6)

is guaranteed by the condition

CLA CLB

Now using model 3, it will be assumed that over the course of L phase

states, generator A drops LB clock bits. Therefore sequence A is a

modified form of the sequence formed from the same sub-generators, but

with no dropped clock bits. One important characteristic of model

3 should be noted, that is, every possble single bit phase combination

A and 1. are cycled over L.
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Evaluation of 6-5 for P=l yields

MILA-1 LB-i k
1 M-1 A )

S = Xi j , E k Xi+j "
L j=o i=o r= =o =kA+l (6-8)

Now

L 1 k k L -1 k
A A A Y kA
SXi+j = Xij = (- 1 )

i=o TY= i =1 io i (6-9)

if code A is hybrid or maximum length. Otherwise

LA -1 kA

~ =A -A
T i+jy o I

i=o Y =1 (6-10)

where Ao is the number of zeroes in the A-sequence, and A is the number

of ones in the A-sequence. Similar equations exist for the B-sequence.

Now define the uantity kA
LA1 A(-1) HYBRID OR ML CODES

H = X =
A  i+ j Y Ai=o Y=1 [AoAi 1 GOLD CODES (6 -11)

and

1 M
S HAHB (6-12)

The second moment can be expressed as

M-2 M-1 L-1 k

S2 2 +j Xi+r (6-13)

MEj=o C'j+l .i=o -Y=l i1 Yx+Iy(-3
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or

2 M-2 M- L-I
S2 =M +- E E E ai+i ai+- bi+i bi{ . (6-14)

j=o =j+1 i=o

Now first consider the case of M or HS sequences

If C~ j+l

L LA71 kA LB- k B-

E ai+j ai+- bi+j bi+ = E i Xi+ Z T Xi+,z

i=o i=o Y=1 i=o y =1 (6-15)

If =j+1

L-1

a ci+j ai+ bi+j bi+j
i=o (6-16)

LA -1 k L-1 (616)
A A B

= Xi+Z~ Xi+Z,Y + H +LA
i=o Y=1 i=o

The second moment for the case becomes

2 2 A_ BM A2B + (LA(HA)1
S2 =M+ (M2-2+4) HAHB + (M-1)(HAHB (L-HA (6-17)

Notice from equation 6-17, for hybrid and maximum length codes, the

second moment is independent of particular codes, but only depends on

M, kA, kB and LA, and LB

For the case of codes other than ML of. HS equation (6-15) becomes

for (# j+1
L-I L-1 kA LA 1 kA 1

Gi+j .i+ bi+j bi+ =C = r Xi+o E X
i=o i=o Y=1 i=o Y =1 (6-18)
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where it is assumed that code B is the Gold sequence. The i, indicates

that code B will be modified as a result of the operation bits to

a code form from the same family as B. Equation (6-19) becomes

2 1 2 *2
S =M+ (M-2M+4) HA 4 (M-1)(HA HB (LA HA)). (6-19)

H* might be any HB .from the family of codes of which B is a member.

For the case in which code A and code B are both Gold sequences, and

for the case # j+l

L-1

ai+j ai+r bi+j bi+ HAHB (6-20)

i=o

Equation (19) becomes

2 1 2 *I* 2 ( - 1
S M + (M -2M+4)HAHB + (M-1)(HAHB - (LA-HA)) (6-21)

The third moment can be expressed

L- M-l k 3

3= 1Cr TTx]
Si=o j=o ==1

L-1 M-1 k

=1 , (3M-2) T X
i=o =i+j,

L-I M-3 M-2 M-1 k

= 3! xi+j, Xi+v, i+6-22)
i=o j=o V=j+l t=V+1 Y=1

or
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M1I L-1 k

S3 = M- X k
j=o i=b Y=1

M-3 M-2 NM- L-1 k

+ E ; E Y, I +j,Y i+v Xi+y
j-o v-+ -v+l i=o Y=

(6-23)

Now the consider the case of ML or HS sequence. If V # j+l

and ?# V+l

L-1

Sci+j ai+v a i+. bi+j bi+v bi+
i=o

L-1

CLi+j ai+O bi+j bi+0 (6-24)

i=o

Now if d # j, 8 j, # j+1, 98 j+l

L-1

Sij ai+- bi+j bi+0 = HAHB  (6-25)
i=o

If +# j, #j+lfor a particularYf0# j, O# j+l for all otherY

-l

ai+j ai+b bi+ HAL (-1)

i=o
(6-26)

If 6= j c for a particulary O# j

= j ') for all other O# j+l

O j+l
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L-
k.-1

E ai+j i+, bi+j bi+O = HBL (-1)

i=o
(6-27)

If = j+l for a particular

= j for all other O#j
*# j+l 0 #j+l

L-1

' i+j "i+4 bi+j bi+0= HAH + (L -H A )

(6-28)

Now if

V # j+l, r= V+1

and

e0 j # j

a# j+l .# j+1

We get

L-1

Sai+j ai+0 bi+j bi+O = HAHB  I

i=o (6-29)

whereI'=1 2
-2

depending on the particular sequence.

For
0# j = j for a particular j

0e j+l # j

# j+1 for all other j

we get
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L-1

Si+j ai+0 bi+j bi+O= HAL (-1B-+ I

i= o  
(6-30)

for

O# j *= j+l For a particular

0# j+l j  for all other

# j+l

We get

L-

Z ai+j ai+0 bi+j bi+4= HAHp+ I

i=o (6-31)

for

0= j for a particularY # j

0+ j *# j+l

0 #jfor all other
We get

L-1

6i+j "i+O bi+j bi+4= L (-1 ) HB+I

i=o (6-32)

If
0= j+l for a particular

0# j ifor all

0# j+l)other ? 4# j+l

We get

L-l

ai+j ai+0 bi+j bi+O = HA B + (HA-L) + I

.i=o (6-33)

If
V = j+l and < V+l
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We get results similar to the case

V = j+l ~# V+1

except that I should be replaced with F where

F 0 depending on the
F particular sequence

Now an expression for the third moment can be formulated from the

cases tabulated. The third moment is

3 3M-2
S -- L M HAHB

k B  kA
L

+ )- (M-3)(M-2)- BB - BAY

- B, -E BA HAHB

J j

k k

B B

j j
+ BB (HAHB+(LY-HB)+ BA (HAHB +(Lt-H A))

k B kA k B kA

+[2(M-3)(M-1)-2 BB2 E BAH-2B BB -2 A 21A]*

[HAH + I]
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kB A k -1

+ 2 BB(HALf(-l) B. + I) + 2 BA(HBL (-1) A + )

.1 j

kB kA

+2 BBy (HAHB) + (HB-L - I) + BAy ((H A HB (HA -L)+I)

J j

kB  kA  kB

+ [(M-3) - BBY- BA - BB

J J j

kA

E BAy][HAH BF]

kB kA
k B-1 k -1

+ BB (HAL (-1) B + F) + BA HB (-) A + F)

J j

kB

+ E B.((HAHB) + (HB-L )4F)

kA

+ BAX((HAHB ) + (HA-L )+ F)

..(6-34)

where

BA : Number of characteristic trinomials of j, code A.

BB : Number of characteristic trinomials of j, code B.

[Characteristic trinomials power less than or equal to M-I]

BA : Number of trinomials containing characteristic of order

M-2, code A.

BBy : Number of trinomials containing characteristic of order

M-2, code B.
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The expression for third moment in6.34 is involved; however

it can be observed that deviation of the third movement from that expected

with a random sequence depends on BB-y, BAj, and B Ay, and B By. -

the terms reflecting the number of trinomials that contain the Yth

sequence characteristic equation. Therefore minimizing S
3 involves

minimizing these factors.
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7. Code Interference Program

Code interference presents a special problem in spread spectrum

transponder design. Code interference is of two types:

(1) Code cross interference

(2) Code self interference

Code interference is important because transponder performance

is evaluated based upon an assumption of random noise and interference.

Auto and cross correlation of pseudo random codes used in spread

spectrum transponders can be significantly larger than those expected

with true random codes. For this reason a computer program designed

to evaluate code interference was developed.

The program basically evaluates the statistical properties of

the code interference signal at point A of the simplified code tracking

loop of figure 7-1.

CARRIER

SPREAD

SPECTRUM
GENERATOR > FILTER
PN CODE

#1
CLOCK
TRACKING

INTERFERENCE LOCAL

CODE PN ACQUISITION
GENERATOR -- CODE MODE

PN CODE GENERATOR CONTROL
e#2

Figure 7-1 Code Interference at Input of Code Tracking Loop
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The filter has a M-chip impulse response, code generator # 1 is

of length Ll and code generator # 2 is of length L2. Figure 7-2 shows

schematicallytherelation of L1, L2, and M.

Ll

M

Figure 7-2 Relationship of Ll, L2, and M

There are L1 L2 possible M-tuples generated at point A. The

following flow diagram describer an algorithm designed to calculate

the statistical properties of the error signal at A. Code generators

in the spread spectrum modulaton 1 and 2 may be ML HS, or Gold codes.
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READ / MIN: Minimum Window
IN, MFI MFI: Maximum Window
RT 7 MST: Window Step

DO
-i M=MIN, MFI,MSJ Do over all windows

GPH1=0 Initialize Gold Phase 1 to "O"

NPOL1 - # of component codes
Read Set 1 CALL RPCC LST 1 - Code classification
.Polynomials (NPOL1, LST1, Ll - Code length array

L1, IA1, NOR1, NOR1 - Code order array
GPH1) GPHI - Gold Phase

Calculate Set i CALL CALSL
CalouLenSet 1(NPOL , LST 1 LT1 - Total code length, code set No. I

Code Length L, LT r
L1, LT1)

GPH2=0 Initialize gold phase 2 to '0O"

Read Set 1 CALL RPCC
Polynomials (NPOL2, LST2, See definitions above

L2, IA2, NOR2,.
GPH2)

Calculate Set 2 CALL CALSL
Code length (NPOL2, LST2, LT2 - Total code length, code set No. 2

L2, LT2)

LTI.LT.LT2 - Otherwise error

S=O S - Shift, code 1

Initialize CALL INTGE MW1 - M - Window Array (INTIAL)

Code Set 1 (NPOL1, LST1, from Gen. #1
L1, LT1, IA1,

S=S+1 Increment shift, code 1

Initialize CALL INTGE
Code Set 2 (NPOL2, LST2, L2 MW 2 - M - Window array

LT2, IA2, MW2, from Gen #2

M2 OR2, GPH2,
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SH=O SH - Shift Code 2

CALL WTGH

(M, NW1, NW2, WT - Window Correlation Weight
WT, S, SH

SH = SH+1 Increment Shift, Code 2

Shift Gen CALL SHIFT Code 1
#2 (NPOL2, LST2,

IA2, MW2, NW2, Code 2

NOR2, M)

Test IF LT2
Shifts IF

S. SH.LE.LT2

F

CALL SHIFT
Shift Gen #1 (NPOL1, LST1,

IA1, MW1, NW1,
NOR1, M)

Test IF LT1 Shifts IF
.LE.LT1

L - ---- - -- --- CONTINUE

STOP

DIMENSIOM
L1(5), IA1(26,5), NOR1(5)
L2(5), IA2(26,5), NOR2(5)

MW1(500,5), MW2(500,5)
NW1(500), NW2(500)
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SUBROUTINE RPCC (NPOL,LST,L,IA,

NOR, GPH)
NPOL # OF POSSIBLE CODES

/READ NUMBER
READ LST - CODE CLASSIFICATION

OF POLY-
NPOL L - CODE LENGTH ARRAY

NOMIALS
IA - CODE ARRAY
NOR - CODE ORDER ARRAY

. . GPA - GOLD PHASE

READ IA / READ
(J,K) J=/ EACH

L,1 . - CODE

DETECT ORDER OF EACH
OF NPOL CODES

- DO K=1,NPOL EXAMPLE:

12345678910111213141516
oooooo1001001100 0 0 0 0 0 0

(7,6,3,0)

NORD = 17-J

NTEST = IAK_
(NORD, K)

IF
SNTEST-EQ-1 T

J=J+ + 1 r-- 12
NOR (K) =

NORD-1

IF

F J-GT-16

WRITE "ERROR
CONDITION"

CONTINUE
1)i
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CALCULATE CODE LENGTH FOR
EACH COMPONENT CODE

DO K=1, NPOL

L(K)

2**NOR(K)-1

CLASSIFY CODE
IF '

F NPOL.EQ.1 T

IF

NPOL.EQ.2 T

)SO

L(1).NE.L2

60

LST 3 LST=-2 GOLD LST 1
SEQUENCE

100

RETURN

DIMENSION
L(S),IA(26,5),NOR(5)
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TARTCALSL(NPOL,LST,L,LT)

L: CODE LENGTH ARRAY

NPOL: NO. OF POLYNOMIALS

LST: CODE CLASSIFICATION

SIF LT: TOTAL LENGTHIF1
F LST.NE.3 T

ILT = LT L= (1)

DO

I=1,NPOL

LT=LT*L(I)

CONTINUE

RETURN

DIMENSION L(10)
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SUBROUTINE
START INTGE (NPOL,LST,L,LT,

IA,MW,M,NOR,
GPH,NW)

LST = 1 GO TO LST = 3
LST

jLST = 2

\\READ

GPH
CALL INMH CALL INMH
(NPOL,NOR, (NPOL,NOR,STAT

STATE) CALL INGOL

!(NOR,GPH,STATE

IA)
INTIATE CODES

13

DO
- --- - -- I = 1,NPOL I: MODULUS OF GENERATION itn CODE

KAT = NOR(I)

JDO LOAD FIRST NOR(I) BITS OF
| - J=1,KAT1 M-TUPLE MW WITH VECTOR STATE

21
SMW(J,I) =
L STATE (J,I)

NOR1 =
NOR(I)+1

IF
F LE ..KAT1 T

FTDIMENSION

L(S),IA(26,5),
MW(500,5), NOR(5)

McNOR(I) NW(500), STATE (25,5)

4
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DO 2 2  RANGE J
J = NOR1,M FROM NOR(I) + 1 TO M

NTEMP = 1
- - - - DO 42

SK=I KAT1

F T-IA(KK,I)=O T

GENERATE
SNTEMP

NTEMP =
SNTEMP *

STATE (K,I)*
IA(KK,I)

S L -_ CONTINUE

NOR2 = NOR(I)

_-1 -1T_._..

DO 23

K=1, NOR 2

MMM=NOR(I)+1
-K

MM e=MMM- 2
_ .i ~23

STATE (MMM,I)
= STATE (MM,I)i

STATE (1,I)=
SET STAGE 1

NTEMP

I. ---
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I 
7

JSL= J - 2 JSL = J - 1

DO 416, JSL

JSOP = J+1-JJ
1 I JJSOP = JSOP

S i (JJP,I)
S MWJJO = MW(JSOP,I) = MW(JJSOP,I)
I I MW(JSOP,I)

SCONTINUE

MW(, I) =

NTEMP

747
CONTINUE

L. CONTINUE

8)
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8

21

SDO 30 GENERATE NW ARRAY

S- I NPOL
J = 1,M NW(J) = MW(J,I)

I= 1

NW(J) = 1

DO

I = 1,NPOL

IF M NOR(I)
MW GENERATED TO NOR(I)

L 1NW(J)=NW(J)* NW GENERATED TO M

. - MW(J,I)

RETURN
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INGOL STT SUBROUTINE INGOL (NOR,GPH,STATE,
IA)

DO
K=1,2

SET BOTH REGISTERS
KATI = NOR(K) TO THE ALL "1" STATE

DO

J = 1, KAT1

I I

SSTATE(J,K)
Li1

DO SHIFT PHASE 6F SECOND
r- REGISTER GPH
I LL = 1,GPH

NTEMP = 1
KAT1 = NOR(2)

DO
J = , KATI CALCULATE NTEMP

I I

IiI

NTEMP = NTEMPLS STE TATE (J,2)

*IA(JJ,2) Example

JJ = 2
MM2 NOR(2) (7,6,3,0)

NOR(1 2 3 4 5 6 7 8 9 ...001001

STATE 11 1 1 1 10( . 1TT
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DO
J =1, MM2

EXAMPLE

NOR(2)=7
MM2 =6 NOR(2)

J=1 MMM = M+1-J
MMM=7 MM = MMM - 1

3TATE(7,2)=STATE(6,2)1
J=2 \I

MM=5 STATE (MMM,2)

3TATE(6,2)=STATE(5,2)1  STATE (MM,2)

J=6 STATE (1,2)
MMM=2

MM=1 = NTEMP

3TATE(2,2)=STATE(1,2 TE

L CONTINUE

RETURN

DIMENSION
NOR (5)
STATE (25,5)
IA (26,5)
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INMH
SUBROUTINE INMH

(NPOL,NOR, STATE)

START

DO

K = 1,NPOL

ND = NOR(K)

DOF- J= 1,ND

L -STATE(J,K)
S-1

RETURN

DIMENSION
NOR(5)
STATE (25,5)
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SHIFT SUBROUTINE SHIFT

DO "(NPOL,LST,IA,MW,NW,NOR,M)

--- - I=1,NPOL DO OVER NUMBER

OF POLYNOMIALS

NTEMP = 1
KAT1 = NOR(I) NTEMP:HEW INPUT BIT

DO EXAMPLE

GENERATE 12345678910111213...
NEW IA 10010011000000000...

INPUT ///////

KK = K+1 MW -1-1-1 1-1-1-1

NTEMP = -1

NTEMP IA: CODE ARRAY
NTEMP* MW: M-TUPLE CONTENT ARRAY

SMW(K,I) FOR INDIVIDUAL CODE
IA(KK. I

1MM2 = M -1

EXAMPLE
M = 500

DO MM2 = 499
K= 1, MM2 K= 1

r . MMM = 500
MM = 499

SHIFT ENTIRE MW ARRAY MW( =M499
MW(500,I)=MW(499,I)

MMM-M+1-K K = 2
MM = MMM - 1 MMM = 499

MM = 498
I MW(499,I)=MW(498,I)

MW(MMM,I) =
L MW(MM,I) .

K = 499
MMM = 2

MW ( 1 , I ) =  I LOAD NTEMP INTO ist STAGE MM = 1

NTEMP j MW(2T) = MW(1,I)

COT 20

L- - - -- CONTINUE

. .
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SHIFT CONTD

GENERATE NW ARRAY FOR GENERATOR AS

DO MOD - 2 SUM OF MW ARRAYS OF

J = 1,M INDIVIDUAL COMPONENT CODES

NPOL

NW(J) = MW(J,I)
k=l

I

NW(J) = 1

*-I f DO

S- I = 1,NPOL
I I

INW(J)
I I NW(J)*MW(JI)

__ JONTINUE

RETURN
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WTGH
SUBROUTINE WTGH
(M,MW13,MW2,WT, SSH)
M-tuple length

MWI - GEN. # 1 WEIGHT ARRAY
(SAME AS NWI IN MAIN)
MW2 - GEN. # 2 WEIGHT ARRAY
(SAME AS NW2 IN MAIN)
WT - WEIGHT
S - PHASE SHIFT 1

SH - PHASE SHIFT 2

WT = 0

DO
r- --

I = 1,M

WT = WT+
MW(I)*

MW2(I)

.. CONTINUE

WRITE
S, SH,WT

RETURN

DIMENSION
MW1(500),MW2(500)
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8. Generation of High-Speed Maximum Length Digital Sequences

This section is the result of a study of sampled maximum length

digital sequences. The purpose of the study was to establish the

mathematical basis for the design of a high speed digital PSEUDORANDOM

SEQUENCE GENERATOR FOR USE IN THE HEAO-C SPREAD SPECTRUM TRANSPONDER.

The proposed procedure for generating the high speed ML sequence in-

volves sampling several slower speed ML generations. Figure 8-1

illustrates the sequence generator.

ML GENERATOR #1

ML GENERATOR # 2

_ _ OUTPUT DATA STREAM

ML GENERATOR # K -

Figure 8-1 HIGH SPEED SEQUENCE GENERATOR

If there are K ML generators forming the sequence generator where

K=2 , an integer, then the commutation rate should be K times the

clock rate of ML generators. Each generator is sampled once during

a clock interval, and the output data stream would consist of K

digits during the clock-interval. The advantage of this configuration
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is that a higher speed digital bit stream can be generated with ML

sequence generators operating with a clock-frequency that is only a

fraction of the data-rate.

Specifically, if the data-rate is FB bits/sec, the required clock-

rate is F /K . For example, if it is desired to operate with a

data rate of 40 x 106 Bits/sec,. and assuming K-4 (four ML generators)

then the generator clock rates would be 10 MHZ. This allows the use

of less-expensive, more-reliable digital components from lower speed

logic families. The only component required to operate at the 40 MHZ

rate is the commutating switch.

Figure 8-2 shows the error checking portion of the overall system.

SEQUENCE ERROR
CHECK # 1

RECEIVED DATA SEQUENCE
SEQUENCE ERROR

STREAM ERROR---- ERROR----- ... ...... . USUMMER
SCHECK # 2

SEQUENCE
ERROR -

CHECK # N

Figure 8-2. Digital Error Checking at Receiver

As in the case of the sequence generator, the error checking

sub-system operates on a sampling basis. If N=2 q qan integer, and

if the received data stream is a maximum-length digital sequence,

then sampling the data stream with a commutator operating at the rate

of the incoming data stream yields a shifted version of the same ML

sequence to each error check block. In this way the error check

digital circuit is required to operate with a clock rate that is
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only FB/N HZ. With this procedure, the same advantages mentioned for

the sequence generator apply for the error check section. In the

system design N is not necessarily equal to K.

Figure 8-3 shows the overall arrangement for digital communi-

cations system evaluation.

HIGH SPEED ERROR
SEQUENCE _ TRANSMITTER CHANNEL RECEIVER

CHECK
GENERATOR

Figure 8-3. Overall Test-Configuration

Two important considerations involving the system shown in figure

8-3 are the phasing of the maximum length sequence generators shown in

figure 1 to provide the desired output data streamp and the design of

the sequence error check blocks shown in figure8-2. This section deals

with the phasing problems.

Sequence Generator Phasing

The phasing problem can be stated: "what initial phasing of the K

ML-generators shown in figure8-lare required to provide the ML-sequence

in the output data stream when the sampling procedure is used." The

rule with K ML-generators for phasing the ith generator relative to the

first generator is

1. Advance by (i-1) (L+I)/K bits

or

2. Delay be (i-l) (L-1)/K bits

Therationale for the above choice of phase relation is as follows:

1. Sampling a ML sequence provides a shifted version of the

same sequence if the sampling rate is an integer power of two.
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2. Consider the synthesized sequence as being reconstructed

from K, K-sampled versions of itself.

3. Consecutive digits in a ML sequence must be separated by

sampled sequence.

4. Arranging K K-Sequences each advanced by (L+I)/K bits

relative to its adjacent sequence, and sampling from each as shown

in figure 1, must yield the same ML sequence.

As an example consider the ML sequence abcdefg. Sampling every

other bit yields acegbdf which must be a shifted version of the same

sequence. Advancing this sequencing by (L+I)/K = 8/2 = 4 bits

yields bdfaceg. Synthesizing by sampling in-turn from the two

sequence yields abcdefabcdef, which is the original ML sequence

repeated twice.

As a practical illustration consider the ML sequence generator

with the characteristic polynomial

G (9) = 1 + 9 + .
3  (8-1)

The sequence generated by this ML generator is S(g), where

1 S(Z)

G(a) 1+ L (8-2)

and where

L = 2 - 1 (8-3)

for an N-stage shift-register generator. For the generator in question

2 4
S(Z) = 1 + g + '2 + 4 (8-4)

which represents the sequence 1110100. Forming S () by advancing the

phase by

(L+I)/K = 4 for K = 2 (8-5)

and sampling in turn from S(,) and S (9) yields
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SEQUENCE: 1110100
SEQUENCE 1 11101001110100
Advanced
BK 4 BITS: 1001110

as expected. Performing the similar analysis for K = 4 yields

1110100
1010011
1001110 1110100111010011101001110100.
0111010

The output for the sampling generator is

S2(,) + a (S(,)g(j-l1)/2 2 = SS() MOD 2L (8-6)

For K=2
or

SS(g) = S2(a)( 1 +HL) - MOD 2L (8-7)

The sequence can also be expressed as

SS(9) = (1+~L3 /(G2 (1) MOD 2L (8-8)

In general, for K component generators

ss() = K i-1 sK )(i-l)(L-1)

i=l (8-9)

or

K

SS(-) (i- L (-L
GK(a) MOD 2L (8-10)

i=l

The synthesized sequence can be expressed as a shifted version of

the original ML sequences,

SS(g) X( 1 +ZL) S (Z) MOD 2L (8-11)

for the case K=2, or in general,

K

SS() = xS() i-1)L

= MOD 2L (8-12)
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or x(1 L) (i= 1 )L
SS(a) = G() MOD KL, (8-13)

Equating (8-9) and (8-12) yields

K K

K 'K (il)L x K (i_1)L

i=l i=l MOD KL, (8-14)

or

K (i-)L x(i-)LSK(a) ( L+ a S(Z) 1= 0
i-= MOD KL. (8-15)

For the case 'K=2 this reduces to

S2()(14 L ) + ZxS(g)( 14 L) = 0 MOD 2L (8-16)

Simplification of (8-15) yields

sK () + x 0 MOD KL, (8-17)

which must be satisfied by the sequence.

If equations (8-17) describes the sequence generated by S(Z) then

G(() (SK-1() + K) MOD KL.

Now

sK-(a) + ax L( K-l xK-

G(Z) GK(,) MOD KL, (8-18)

or

GK ) K- + xGK-I()) MOD KL. (8-19)

For the example:

G(z) = 1 + z+z 3  (8-20)

and
K =2 (8-21)

yields

X = 0 (8-22)
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and

(1+L) K-1+ xGK-( 3 -3i7

GK() 1+22 6 MOD 14. (8-23)

A similar example for

G() =1 + 2
2 + 3

where

S() = + 2 + 3 4

represents the sequence 1011100.

A sampling arrangement for K=2, requires a delay = (L-I)/2=3,

shown below

1011100 11001011100101

observe for this case X=4,

and

(1.L)K-l xGK-l() +4 6+ 6

GK(2) + 4+ 16 MOD 14. (8-24)

An algorithm to calculate X is as follows:

1. Starting with the all zero (N-l) - tube generate the.

sequence, S(z), with the characteristics equation G(z).

2. Generate SK(Z) From S(Z) Or GK(Z).

3. Find X such that (-L )K- + GK-1 () forms a recursive

relation that holds over the all zero 2(N-1) - tuple of

SK(z).

Sample calculations are shown below For K=2.

Sample 1:

G(Z) = 1 + 22 + 23 (8-25)

0 0 1 0 1 1 1 0 0 1 0 1 1 1

00 00 10 00 10 10 10 00 (00 10 00 10 10 10

1 + 7 + 4 (12-t 3) = 1 + +6 G2(g) (8-26)
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Sample 2

G(9) = 1 + + 23 (8-27)

00111010011101

00 00 10 10100010000001010100010

1 + g7 + g0 (1 Z+g3) = (l+Z 2 +2 6 ) = G2 () (8-28)

A similar problem involves the phase of the sequence resulting

from sampling a sequence at a rate

r = 2g (8-29)

with g an interger. For example,

G(g) = 1 + g2+g3  (8-30)

yields the sequence

1011100.

Sampling this sequence with r=2 yields

1110010

which is a phase shift corresponding to 25

As another example

G(g) = 1 + g + 23 (8-31)

yields the sequence

1110100.

Sampling the sequence with r=2 yields

1110100

which is a phase shift corresponding to Zo

A procedure for determining the phase shift can be found if an

expression of the form S(,) can be found for the sequence formed

as a result of sampling, and

f(Z) = gXs (g) MOD L. (8-32)

If an ML sequence is sampled at a rate of
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r=2 (8-33)

L+1
then an adjacent bit will be sampled (-~-) bits after the

sampled bit in the sequence formed from sampling. Extending this

analysis, a sampled sequence can be expressed as

'L-
2

f(-) =,E i (2iS(L+)/2L+l
L

MOD 2 (8-34)

or alternately

L-1
2 . L+1

f(Z) = i(L 2 i S() 2 L+l
i=o MOD 2 (8-35)

(8-35)

For example, the sequence with characteristic equation

G(9) = 1+2 3 (8-36)

and

S(Z) = 1 + 2 + 3 + ., 1011100 (8-37)

with

S4 () = +8 +12 + 16 MOD 28 (8-38)

a1 5)4S ( ) = a + g5 59 9 21 MOD 28 (8-39)

2~ 3 44S 4 ) = 2 144 22 28 MOD 28 (8-40)

and
and 3 ( 4)S ) = 7 15 19 23 MOD 28 (8-41)

yields from equation (30)

f() = 1+-2+2 +5+g 7 z8 9 12 +14+ 15 z16 19 21

+ Z22 23 +
2 6

MOD 28 (8-42)
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or

11100101110010i1100101110010.

Reference Sequences:

1011100 = 7 S(g) 1110010 = 2 S(9) 1001011 = 23S(z) 101110=gS(I

Sum Sequence:

1000000010001000100000000000 = [g7S(,Z)]4 MOD 28

010001000100000000000100 0000 =[, 5S(,)]4 MOD 28

0010000000000010000000100010 = [3S()]4 MOD 28

oooo0000000oooooo000000ooo010001000o000ooo = [s()] 4 MOD 28

1 110010111001011100101110010 = f(g) MOD 28

Table 8-1. Formation of synthesized sequence For the Case

G(Z) 1 + a2 4 3

The table above also illustrates the result of equation (8-30),

Now from equation (8-37).

L-1

L+1 2
Ei L-2i 01-2 - ) iL O L+LMOD --- L

i=0 i=o
(8-43)

or the sequence must satisfy

L-1 L-1 L+ L-1
z 2 2  i L-2i 2 x 2 2 iLC[S()] z [E 0 .(8-44)

i=o i=o

and L-1 L-1

L-G(Z) S(z) L+1
G(Z) (S()2 i i2
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Also, L-1 L+I L-

[s()] 2 - z- 2 1  2 + x 2iL

i=o i=o

G(g)

L- L-1
L- L- L-

[1 L 2i aL-2x 2 + gx G
2 (Z) i L /[G() 

/ 2

i=o i=o (8-46)(8-46)

For example if

G(9) = 1+-+ 2  (8-47)

S(h) = nlo : 110 (8-48)

L = 3 (8-49)

and

X = 2 : 101 (8-50)

for

r = 2 (8-51)

Evaluating the terms in (8-41) yields:

L-1

(I+ L )  = + 23 (8-52)

L-1 1
2. L+1

i zL-2i 2 i[g3-2i]2 = + a3 MOD 2L (8-53)

i=o i =0

L-1

[G()] 2 = G(Z) = 1 + 9 + 23 (8-54)

L+1

[G()] 2 = [G()] 2 = 1 + 2 + 4  (8-55)

Equation (8-46) becomes
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(l+ (1l 3 ) 2 (1+9- 7 )(I+93 = 49 3 )(1 + 2 ) = 1+9 3

1+29 4
(8-56)

Notice that MOD (L+L) L, or MOD 6, arithmetic was not used in
2

(8-56).

As a second example, if

2 3
G(Z) 1+Z + 3 (8-57)

2 3 4
S(Z)= 1 + +2 3 4 : 1011100 (8-58)

L =7 (8-59)

and

X = 5 (8-60)

Corresponding to the sequence 1110010 formed by sampling.

Evaluating the terms in (8-41)
L-1

7 3 1 + 7 14 +21 (8-61)

L-1

2 L+l 3

gi L-2i) 2 i i7-2i 4

i=o i=o

= 1+g7 14g 2l (8-62)

L-1

(G(2)) 2= (1-22 3 3 -2 93 Z44 7 -8 -9 (8-63)

L-l
2 3

iL i 7 = 1+7 14 21

i=o i=o (8-64)
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and L+

[G(()] 2 = (1 2 3)4 = 89 12  (8-65)

Equation (41) becomes

7(17 14+217)(1+7 1421 51+234 7 89 7 14 21

1_Z8 _12

(1g7 14+9 21 589 12+ 13 2 1  7 14 2

(1+2 +2 21)(1+z5 8= (1+4 14

(l +2 9 ) (8-66)

Notice for these two examples, (8-46) reduces to finding X such that

L-1 L-1

(zL) 2 + x(G )) 2

L+1

[G()] 2 (8-67)

is a rational fraction.

As another example, consider

G() = 1+9+9 3  (8-68)

S(z) = 1+g+g +4: 1110100 (8-69)

L = 7 (8-70)

and
X = 0 (8-71)

Corresponding to the sequence 110100 formed by sampling.

Evaluating the terms in (46)

L-1

2G( )] 2 = (51+ 3)3 = 1 ++t6 7 +9 (8-72)

L+l
and

(G() 2 =1+~4 +212 (8-73)

Equation (46) becomes

4 12
(1-7- 14421)(+ - +,2 (8-74))(1~ + ,2 9

(i -,4+, 1 2 ) (8-74)
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Now if X=0 this becomes

( %7_7 l4 4 921 )4() (15945 498 +13 +920

14 + 4_ 12

(l+gZ714 -1+g2 )(R)(1-+g 8 ) (8-75)

The algorithm for finding the shift X for a sampling rate S=2

(corresponding to sampling every other bit) is to find an integer X

such that
L-I L-1

(1+- ) 2 + x (G(Z)) 2

L+I

(G()) 2

is rational.

Now for the general case

S=29 (8-76)

9an integer,

the generalization of (43) becomes

L+1 1- L+I L+l
i [GL-Si(s( 3)] - xs()S iL

L+1
So MOD --- L (8-77)

For example with

G(.) = 1i+92 3  (8-78)

and
S(w) = 1~2+3 4 : 1011100 (8-79)

Sampling at the rate

5=4 (8-80)

yields

1100101: 1++g + 6

or
X=4. (8-81)
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Equation (8-77) becomes

1 1

z'[E7-4i][S(Z)]2 = X(S( ) 7i

i=o i=o (8-82)

Evaluating the term in (8-82),

S2(g) = 1 + + 4 + z6 (8-83)

1

i [Z7-4 i]2  g1 4+ 7 =1 + 7 (8-84)

i=o

. 7i =1 + 7

i=o (8-85)

Substituting into (8-82)

(1+g++6 4+6 +(1+7 ) z= 4 (1i2 3 +g 4)(1-+F7) MOD(7)2 (8-86)

or

or (1-+4g+g 6 ) = Z4(l+ 2 3+Z4) MOD(7) (8-87)

Equation (8-77) reduces in general to

L+1

[S(g)] S = Zxs(g) MOD L (8-88)

in general

L+l

G(Z) ((S(Z)) + S S(z))

and LL+l

G(.Z ((S()) S + zx)
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Now L+l L- S+1 L- S+1

[s(a)] S + ,x _(lL) S + 9X(G(g)) S
L+I

G(Z) [G(2) (8-89)

and the fraction in the latter portion of (8-89) must be.rational.

For example,

G() = 1 + Z2 +Z3 (8-90)

S--4.

(1+7 
)1 4(G() 1 4 4_ 6

(G(Z)) 1 g4+26  (8-91)

The table below is intended to summarize the use of equation (8-89)

for several example sequences.

G(Z) L S X Ratio From (89)

1 + + 2  3 2 2 1

1 + g2 + Z3 7 2 5 (1+Z 5 9 )

2 3
S+2 +3 7 4 4 1

1 + + a3  7 .2 0 E(1+E+E 8

1 + +3 7 4 0

1+Z + 15 2 8

i + +Z4 15 4 12 14- + 8 13 14 17 29

1 + Z +4 15 8 14 2 4 6 10

3 4
1 + Z +Z 4  15 2 9

1 + 23 + 4 15 4 6 146+ +9 HZ10 +14 17 21 +25 4-29

1 + 23+ 4 15 8 12 16 + 8
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9. Channel Capacity and Signal Spectral Density

The distribution of signal energy in a communication channel affects

the channel capacity of the system. The design of the TDRS-HEAO-C modem

should maximize channel capacity by controlling signal spectral density.

The channel capacity for a channel with signal power spectral den-

sity S(f) is

C lo02 [l+ N(f) df bits/sec (9-1)

where N(f) is the one-sided noise power spectral density. If the signal

is comfined to a finite bandwidth B, and constrained to

B
s(f)df =S (9-2)

whereS is the total signal power. For a general N(f), the calculus

of variations provides an approach to bounding the function, or class of

functions, S(f), constrained by(9*2) to maximize the integral in (9-1).

Define

9(f) =jS(f)
N(f) (9-3)

where 9(f) is the continuous contrast ratio. An extrema can be found

by forming an auxiliary function of the form of the Hamiltonian

H = lo22[l+ (f)] + XA(f) N(f) (9-4)

Substituting (9-4) into the Euler differential equation

bd H 0 (9-5)
df j 9
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or from (9-4)

lof2 e +2 e N(f) = 0
1+9 (f) (9-6)

or

9 (f) = -1 - l092e

XN(f) (9-7)

Now to evaluatex

B B

N(f)9 (f)df (f)4L f = S

(9-8)

or

B 1 o92e)
S - N(f)df B

o (9-9)

Now define the integral

IN(f)of N (9-10)

where N is the total noise power in bandwidth B.

Then

lo2(e)
S =-N-- B (9-11)

or
-lo9 2 (e)B

(S+N)
(9-12)

The equation for contrast ratio is from (9-7) and (9-12)
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(f) +BN(f) (9-13)

or

S(f) = S+N N(f)
B (9-14)

For the case

N(f) = N
o (9-15)

equation (9-14) becomes

S
S(f) = --

B

and the maximum channel capacity becomes

C = log2[1+ ] B bits/sec. (9-16)

In the case of equation (9-14) the maximum channel capacity is

S+NC = lo BN(-f)]df bits/sec. (9-17)

Now assuming a constrant on the noise energy in finite bandwith B,

BN(f)df = N (9-18)
0

The calculus of variations approach can be used to find an extrema

of the variational problem described by (9-17) and the constrant (9-18).

The auxilary equation can be formed as

S+N
H lo92[ CN-f] + N(f) (9-19)

Now define

S+N
p=

B 
(9-20)

as the average energy per unit bandwidth in the communications channel

of bandwidth B. This includes both signal and noise energy. Substi-

tution of (9-19) into Euler's differential equation yields
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N =0 (9-21)

or

1
N(f) (9-22)

The Lagrange multiplier can be evaluated by substituting

(9-22) into (9-18).

B

Sdf = N (9-23)

or

or B

N (9-24)

and
N(f) =--

B (9-25)

is an extreme of the integral in (9-17).

The form for S(f) from (9-14) is given for an example noise

spectral density N(f) in figure (9-1)

S+N

B -- o N(f)

0 ... .... .. .. ---

Figure 9-1 Signal and noise spectral density illustrating the
reflection effect in the relation of N(f) to S(f) for maximum channel
capacity.

To show that the calculation resulting by equation (9-25) is a minimum

extrema consider the following example
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Case 1: B = MH, N(f) =.5 x 10- 8 WATTS/Hg

N =f N(f)df = .5 x 10 - 2 =5 x 10 - 3 WATTS

o

-3
Assume S= 20 x 10 WATTS

S(f) 25 x 10-3 N(f)

10+6 from (14)

or

S(f) = 25 x 10- 9 -5 x 10 = 20 x 10- 9  WATTS/Hg

From (9-17)

C = 10o2 B N]df bit/sec

0

or

=C o1 2  25 x 10098]df lo 2 [50 x 10-1] df

= 10p2(5) x 106 bit's/sec

logq(5) 6 1.61 6 6
loge(2) x 10 - .693 x 10 = 2.32 x 10 bits/sec

Case 2 .ssume some total noise power and total signal power in a

different distribution across the same bandwidth as in Case 1.

N = 5 x 10- 3 WATTS, S = 20 x 10- 3 WATTS

N(f) = .1 x 10- 8 + f(8xl0- 1 5 ) WATTS/Hg

106
8 -15 -8 6 -15 12

(.1 x 10 +8x 10 f)df .ix 10 (10) + 8 x 10-15(1012
o 2

= 1 x 10 - 3 + 4 x 10 - 3

= 5 x 10 - 3
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From (9-14)

-3
25 x 10

S(f) 25 x N(f)
10

-9 -9 15
= 25 x 10 - x 0- 9 - f(8x0 -1 5 )

= 24 x 10
- 9  f (8x0-15

From (9-17)

106
6 loe25 x 10 df

2 -6

(1+8xO10

o le

6

2
e

I loe d

2 -6

o2e le 1+8xO -6f df

=K loe )df

0

a
Let V=

l+bf

-b -b V2df
dv=(-- 2 V df
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Then
B"

C = -k f loqe(v)du
b V2

B'

where

B" =
l1bB

B' = a

or

-ak [1 loge(v)
b -1

- ak (lo e( v)+l iB?b

S(lo e(B" +1)- , (loge(B')+

Channel capacity is then

25 25
B" =

-6 +6 9
1+8x10 (10 )

B' 25

25 25
25 - (lope (-)+1)

loe2 (8x10 -6 )

- (loPe(25)+1)
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25x10 6  9 1
= lge(2)[8] 2 [2.02] - [4.22]]

10
8loge(2) [18.18 - 4.22]

10
E13.96]8 (.694)

= 2.52 x 106 bits/sec

-9
25x10

-915xlO" 9  S(f)
lOxlO - 9

10x10 N(f)

5x10 9

B=10 6

Figure 9-2 Example Results
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10 Power Budget Program

A computer program designed to perform power budget calcu-

lations for the HEAO-C-TDRS- Ground Return Link has been prepared.

The schematic diagram of the link along with definitions of

parameter values is given in figure 10-1. This computer program

is expected to be used extensively in further HEAO-C-TDRS

communication study efforts.
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2~ IF(I-?I 7000000,E3
Iu F(I-33) 7000,9T)o,P4o

15 46 IF(1-40) 7coooo,7oone50

*rITE(3,9995)
*H~ITE (3,9994) ("AjNLS (N),qN=1.,fl?13

160E3,5( I5~ P Z

los WvIjTE(3,9994) ('61.NS(N~qN~j913)
- . . 1rt(IPAGE..6) 500,500,450 

-__ 
__45 6~U TO 163 

- - - -. -____Q10 WHITE(3,9;51)____

42Q *HITE (3,9!b2)



.RGRA.. LA .73774 OP1 7 03/7 /74 15.23.17. PAGE 4

05e FUAnAT(pl ///,yX,#*** GRi)LK ***,/)
~- -7 70 CU ( INUE - --

q.Ou CONTINUE
175 I (i~ Ak9)-99) 1I07 ,180107 .

1.07 Ir(PAR(59)-5.) o0 O110,110
110 WHITE(3,125)NCrqN SS ---------
i25 FOR<ATT(///,; PEqFOPMANCE MARGIN FOR NCS= *,Il93 XNSS. *,12,2X,

I "IS A0ECUATE) ------------
180} 40 TO 160

130 -WHITE (3,150) NCShSS
1 50 FuHMAT(///,s PE.FOR~ANCE MAHGIN FOR NCSZ ,I1,3XM,$NSSU rI22X,

I9S15 NOT A4 EQUA1EF ) .......... . .......--------
(u TO 160

185 1- -80 I iTE(3,190) NCS,SS
. -- FruHiAT(///, PERFORMANCE MARGIN FOR NCS= ,I.3X*NSS 22XI292X9.... .. " 7IS "OT APPLICARLEO)
i6v iF((C -5)15 20t,200
2.........200 liup

190 ,vO

-- --- -----

S... ..-. . . .-..---.--.. .-

A------



PROGRAM LAEL A 73/4 OPTUI FTN 4.0+P357 03/27/74 15.239.17 PAGE 5

SY1 COLIC HEF ENL CE MAP (H=1)

E:TRY POTNTS
4102 L :EA

.V-'.VARIABLES "SN TYPE RE0OCATICN-
bh44 A HEAL ARHAY 7524 H HEAL ARRAY
St3 C ;1 . E---ARRAY 111-2-3 EAL ARRAY
5642 SAVE REAL 5643 ESAVE REAL
5632 I EH- 5640- PAG INTEG-ER
5633 J iNj1EG : k 5641 JFLAG INTEGER
5630 K........ IEG i 11665 NINUS. INTEGER - ARRAY
5631 N I-.TLtGR 5634 AC INTEGER
S310NS .t -..---. / -- 5636N-hP INTEGER

5626 NPV FAL 5635 NS INTEGER
5637 NSS I ECH --- 5627 REAL

0 PAR FEAL ARRAY / / 144 TOL REAL ARRAY /./

FILE NAoES MOCUE
0 1 PUT 2036 OUTPUT 0 TAPE1 FMT 2036 TAPE3 FMT

EXTERNALS TYPr ARGS
& flLK 0 TURSLK 0
U5EPLK 0

STATEMENT LARELS
5014 5 FMT n 6 0 7

0 9 5056 10 FMT 4221 15
4227 I~ 5072 20 FMT 0 25 INACTIVE

n 35 INAcT1vE 4241 -40 . 5126 50 FMT
A 64% INAr[IE 4411 70 0 80 INACTIVE

5164 9 FM ....................... 451 --95 472 101 FMT
4740 1l2 FMI 4747 103 FMT 4760 104 FMT

0 1:.7 INACTivE 1l INACTIVE............... 5553 125 -FMT
4702 130 5570 15p FMT 4707 160
4705 10 " 5606 FMT............ ..... 0 200 INACTIVE

0 201 I\ATIVE 4352 21n 0 300 INACTIVE
4461 31, . 0 IACTTIv 4671 500

0 6r0 IIArTIVE 4572 61.. 4632 800
0 bl IINArlIVE 0 2, INACTIVE - 0 830 NCTIVE
0 64o0 1hArTIVE n 85n INACTIVE 0 A60 INACTIVE

4650 O 4664 1 .................................. 4667 920
5503 950 FMI 5533 951 FMT 5542 952 FMT

--- 5263 .1. .OO -. FM .... 306--20 0-- FMT 5331-3000 FMT
5352 4onn FMI 5441 500 FMT 5463 6000 FMT
4671 7 o0n .-... 0. -755.5 0-8 000

0 -, 01 0 80n2 0. 8003

5375 99- FMT 240 993 FMT- - -5154 --99 MT
5146 9995 FMT 5106 .9996 FMT 5037 9997 FMT
4775 9'9M FM1 .. 477---999 FMT

COMCMO) HLOCKS LE.&.~.
/ / 201

__A_ STATISTICS
PROGRA,' LENGTH 5b0ib 2950
HUFFEP LENGTH 407/b 21o0



....... ....... IA ....... 73/T .. .PT1FT 40 P357 03/ 7/74 15P23 7 PAGE 6

STATIST ICS --...... ---
HLANK COAMON 311i, 2c1

A

----------- - - -



Sl*.PouTIi E !iSLHL6 73/74 *OPT=' FTN 490*P357 0327/74i15.23.22. PAGE 1

)urOuTTNE USLFRLK
PAk~lO)** TOLfIOO) __

r-LAL tNPV,iNT
F 10357. - .- ___ _____

5 . i 35bO).
ill()=-(32.5+?n.*ALO6to(F).20.*ALOGIOcU))________

TUL(,-) =2.7

f CL(9)+TOL(1o )
PAH ( 1AC2 ) PAR (2) +PAR +)PAP (0-+PAR (51 4-rAR C-&T*-PAR M*V.PAR QffiPAH(9)

I PAR(j0)+PAR(1j)
pAR~(14) pAR (1) PAR '12)- ----- _ __ __ ___------_ __ __ __

k)T.URN
ENC _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

--- -----



Su iPoOTINE , E .IL 73/74 U0T=1 FTN 4.0+P357 03/27/74 15.23.229 PAGE 2

SVY;OLIC kLFE:,,CL MAP (R=1)

ENTRY POl h TS
1 WEkLK

VA IAHLFL S SN TYPE rELOCATICN . . ... -.. .-.

52 0, kAL 51 F REAL
47 NPV H AL *UNOI)EF 50 r REAL UNODEFr

0 PrF h;AL ARRAY / / 144 TOL REAL ARRAY / /

EXTERNALS IYP" ARGS
ALCGlo HEAL 1 LIBRARY-

-- COMMON FLOCKS LENf H
/ / 200

STATISTICS
--- PROGHRA ! LENG Tr .

HLANrK COMiVON 31-i 200

A



S(.'O- OUNE T~rlbJ\ 73/74~ UPT=l FTPN 4@0+P357 03/27/74 i5#23.25. PAGE

iuHHOUTIN.E TORSLK
CUNMON PAR(loy).TCL(100) --

_________________

NHL NPV,I~iT,K

P~m20) PAR (T4)+PARc~ig)
~~~~~~- ( f ) P AR ( 13) + PRc9 A -________________________________

------ PAH(2 2 ) PAR(17).PAR(19)

- - I'A~( 27) -(2 ,27 OGTf

PAH(3 3) (TOL(p3) 4TOL(24) TcL (25)-*TOL(?:6). ToL-ta7),ToL(zev4-+--
- - C(L(29) +TUL(3v),TCL(31).TOL(32))

I PAR(30)+PAk(31).PAR(32)+pIAH(3
3 )2c-----------P~A36)--= PAfle6) +PARy3 4y

hPAR(37) PAR (21)iPAR (34)
X 10.4* (PAR (37) 1 ~
Y 10.**(PAP (38)_un).)

____ 25 rA(39) 10.*ALCGIO(7) __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _---- PA RP (4 6) ~A4 (2-)-~4ARf371T

HLAH



Si 0souirIN Tr n 73/74 OPT=i FT -4. P357 03/27/74 15.23.5 s PAGE 2

Sy OLIC REFEH .Ct MAP (R=1)

ENTRY POINTS
1 TnRSLK

VARIABLES SN TYP -- ELOCATICN ..-........ .......----------- -
113 ~A;AL 112 F REAL
110 K 1-A 6- NPV -REAL _--- -U__OE _
107 NJT mAL *UNDEF 0 PAH REAL ARRAY /111 T . R L ....... ... ................ ... .. . 4 ... RO EAL ARRAY- / 4III T R-AL 1447 OLREAk ARRAY
114 x :WAL 115 Y REAL1 1 6 Z HF A L -.... ... .... .. . . . . ..... .. .. ... ..- . . .........

EXTERNALS .TYP ... ARG$S
ALC610 tEAL 1 LIbRARY

COMMOIN HLCCKS LiNGlnT
200

--- TATTSTICS
PROG Al LENGTH 117b 79

BLANK COMMON 31-6 200

--- ------ - - - - - - -- - - _ _ _ _ _ _ _ _



s'0 U1INE ri'ULi< "t3/ 14 UPT=l FTN 4oO+P357 03/27/74 15.23.36. PAGE 1

SCuffMON PA4 (IUo) TcL~io;~ -________________________________

HCAL \PViNTgt\

- - -- - - iAH( 4 3) =PAR (41)+PAR(42)

-- - - -- - -- l0 (P A AP(4-1U-IJ

PH(44),=1 U. AL CG If)(w)
Piki (4 5 ) =PAR(44)-PAR(42) _ _ _ _ _ _ _

15PAH(46) =PAR(3A)..PAR(45)

HAH ( 4 9) =PAR(4 6 ) .PAR (48)_____ 
____________i0rEST 0) :1 ,5 =____________________

r,0 PH5o))=PAR(39)-(.PAR
4 2 ,.P4R( 3 5 ))------------ 

- ___________

0 10.**(PAR (50 /16-. - __________)__________

SP'H(51) 10 .* A 1 ( -

Psi F(T ET05 qi2 2
152 .- A(3) 

__
1 5i rPAr(5 3 ) 999. 

____________

r, 2 P (62) =999. 

-- ______ 
_______________________154 H~d'(t,5) =PA-R(49) -PARI(54)-___________

ip(NTFST-0)15b6,S
6 535 C; C PAI-w(5 6 ) = PAR(52)..PAR(5 4 )~U TO 15? --- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _1bb PAI.(5
6 ) =999.

4s 5 7 ~k(7) =999.__________ 

_______15
6  

lk'(NrEST-0) 15~9,i95q 
_ ____________i59~ PAH( 5 9) = PAR(7-A 58

G00 TOLJ 200

-P k ( 9 -- = _ _ _ _ _ _ _ _ _ _ _ _ _

-- -- ~ - -
-----

_ _



SU E -73/7 " OPT 4FT _4.P357 01/27/74 15.23930. PAGE 2

SY.'-OLIC REFEKr.Ce MAP (R=1)

EmTktY PUiTS

V4rIOLr S N TYh't RELOCATICN
124 r RAL 310 NCS INTEGER / /
122 ;4-v HkAL *UNDEF. 123 N T - REAL *UNDEF-
132 '.TEST I -.;TLu-H 133 P REAL

Sp*R L ARRAY / / 134 Q --- REAL
135 . h;-AL 125 T REAL
144 1OL HFAL ARRAY / / 131 W REAL
126 x 'EAL 127 Y REAL
130 Z H'AL

.XTER;,ALS IYr ARGS
ALC 19 HrAL 1 LISNARY

STATF-ErT LAELS
37 ................................... 64-- 52 0 INACTIVE

111 5 o 15n INACTIVE 0 151 INACTIVEItA-TIVE 15 INACTIVE . 71 15477 1c 103 157 105 158
S159 ItAcTIvE 113 20o - .. ... 55 25t

COMO N HLCCKS LE 'GTH
/ / 2ui

STATISTI S

RL,;,< CO ~rON 311 i 2C1

_ _ _ _ _ _ _ _ _ _ _C



SrCCE 3-4 CON TrOL-CARI)-INITIATED LOAD . LOADER .L357 03/2.7/74 15*2346. -PAGE I

F:A OF THE ICAU. 0Inl .3662 52 o ORDSERE- REQUIEFORA-LTh-NG
L'A+1 CF IrF LU.DL 25442

TRA'JSFEH, AUDRbS "- LAYEA 4203

NO. TABLE ivoVES 54

PCOGRAM ANL BLOrK ASSIGNVENTS.

.LOCK AUnHrSS LENGTH FILE PREFIX TABLE CONTENTS

LAEA In1 11702 LGO 03/27/74 15 23.17. SCOPE 3.4 FTN 4.0P357 666X I
.PT=1

USE:LK 103 53 LGO 03/27/74 15.23-22* SCOPE 3.4 FTN 4.,P357 666X I
.. OPT=1

Tr~RSLr i2 5 6  117 LGO 03/27/74 15.?3*25* SCOOE 3.4 FTN 4.0P357 666X I
.... ........ o-P T- I

G LK iz .5 13b LGo 03/21/74 15 23.30. SCOF 3.4 FTN _ 4.0P357 666X I
CPT=l

FF;SYS= ,2333 1032 SL-FOAqTAN 09/03/73 15.38*17* SCOPE 3.4 COMPASS 3.73244
.- FORTkAN 0dJECT LIBRARY UTILITiFS.

G;TFII= ,3365 33 SL-FOoTRAN 09/03/73 15.38.37- SCOPE 3.4 COMPASS 3.73244
--------. - LOCATE-AN FI TGIVEN--A- FI-LE NAME.

I'.PC= 342C, 233 SL-FOPTRAN 09/03/73 15.38-52* SCOPE 3.4 COMPASS 3*73244
-------------- -- FORMATTE REAr FORTRAN RECOROT

hi.E0= 103 1441 SL-FOPTHAN 09/03/73 15.39.12- SCOPE 3.4 COMPASS 3.73244
CUTPUT FOHMAT TNTERPRETER*

1R ER= 5314 1540 SL-FORTRAN gy/03/73 15.39.269 SCOPE 3.4 COMPASS 3.73244
.........----------. . .------- -- . .FORAT-CK-A K F- FOR- NPUT -OPERAT IONS.

O;TC= 7,54 205 SL-FOpTRAN 09/03/73 15.40,36. SCOPE 3.4 COMPASS 373244
-FORMATTED WRITE FORTRAN RECORD.

ALOr,= 17261 37 SL-FOPTRAN 09/03/73 15.42.08. SCOPE 3.4 COMPASS 3.73244
SCoiMPUTE THE LOG AND LOGlO OF X.

.EXP= 1732 44 SL-FORTRAN 09/03/73 15.4343* SCOPE 3.4 COMPASS 3*73244

XTCY= 1"-ij64 " 7 SL-FORTHAN 09/03/73 15*44*32* SCOPE 3.4 COMPASS 3*73244
REAL TO- REAL EXPONENTIATION.

/ S / 7373 14
LfUF.SQ 17107 133 - . SL-SYSIO . 09/03/73.. 16.44.11. SCOPE 3.4 COMPASS3*73244
/CO,,.R/ 7542 6
CTC.RM7-- 5 ( -------- 25 SL -Y IO 9/03-3 645 .2 _ SCOPE 3.4COMPASS 7---324_

/ 0-. /i 7:
7
5 10

,-v , v-.R----- 7605-- ---- 64-- 5-SYSI 9/039/O73 16.4518 -SCOPE3.4tOMPASST3;73244
. T.i 1 7071 233 SL-SYSIO 09/03/73 16.45-21. SCOPE 3.4 COMPASS 3.73244
/nFFNFO/- 0 1124 ............. 7
'E .,r U133 301 SL-SYSIO 09/03/73 16.45.36. SCOPE 3.4 COMPASS 3,73244

S OUE:.S (j . 434 --236= --- L--LSYS IO--- /0 73-164550 -SCOPE -3 4--COMPA SS 373244
U / 0o72 11

,i 0103 42 -- SL-SYSIO-- 09/03/73 16.46.13 SCOPE 3.4 COMPASS3i73244---
L)7.SQ 40745 244 SL-SYIO 09/03/73 16.46.559 SCOPE 3.4 COMPASS 3.73244

/CLSF.F(/ 1211 7
CLSF.RP >1220 23 SL-SYSIO 09/03/73 16.47*23* SCOPE 3.4 COMPASS 3*73244

S / -ET.RT/ 21243 11

Z.s 125b4 76 SL-SYSIO 09/03/73 16.48.26- SCOPE 3.4 COMPASS 3*73244 . -

Repr , broe Cop
bes oPYf



SCCDE .4 - CONT1OL-CARO-INITIATED LOAD ' LOAr)ER L357 03/2 7 /74 15.23.46. PAGE 2

LCCK AurcH-SS LEiNGTH FILE PREFIX TABLE CONTENTS

FSU.S) 1352 111 SL-SYSIO 09/03/73 16.48.459 SCOPE 3.4 COMPASS 3.73244
F R.H' 21463 367 SL-SYSIO 09/0J/73 16.45.139 SCOPE 3.4 COMPASS. 373244
C7w';.SG ?2U52 7 SL-SYSIO 090J/73 16.45.200 SCOPE 3.4 COMPASS 3.73244
OPEX.Sc G 061 21 SL-SYSIO 09/0J/73 16.46.02* SCOPE 3*4 COMPASS 3.73244
/ UTFO/ "2102 7

111 -- 2 SL-SYSIO ---- 09/03/73---16.4612 SCOPE-3e- COMPASS - T3244
rUT.So 22113 1112 SL-SYSIO 09/03/73 16.6.16* SCOPE 3.4 COMPASS 3.73244
CLSF.S J25 36 ..... SL-SYSIO 04/03/73 16.47.24i' SCOPE--3.-4COMPASS 3-73244
/CLSV.FFO/ 3363 7
Cl.5v.Su :3312 127 . SL-SYSIO ----. 09-/03/73 16.47.34* SCOPE-3*4 COMPASS-- 373244
/(,ET.FO/ 3521 7
/GET.,/ 330 . 5
GFT.SQ ,3535 727 SL-SYSIO 09/03/73 16.47.54* SCOPE 3.4 COMPASS 3.73244
.iT;RT.S b4 117 - SE-SYS IO- 0/37--168.; 5 -SCOPE-3*4-COMPASS ;-73244
L E).S; 4003 210 SL-SYSIO 09/03/73 16.49.25. SCOPE 3.4 COMPASS 3*73244
/S IFL.FO/ 75u13 7
SKFL.S (5022 50 SL-SYIO 09o03/73 16.49.496 SCOPE 3.4 COMPASS 3*73244

SY 72RM 37 SLNuE-09-13 16*23*58* SOPEi 3*4 COMAb 3.73244
PROCESS SYSTEM REQUEST.

//75131 311

-. 2.035 F ,PCUNOS-LOAU--TIM

A _ _ _ _ _ _ _ _ __._........_.



_SFLECTED SMTEL1.ITF RELAY CASES -__

FOR~ THE USER JELEMETRY CHANNEL

- -. CASE 1 _NRFI,NSS,hP6

CASE 3 = RFI,NSS,NPG __

________ PRE.PAREU BY
ALABAMAA;MuNI VSITY-



KEY PARAMETER VALUES
FOR- THE USER TELEMETRY CHANNEL

-C E-- SET-------R-ETER3T---- -ARANETERI-T 3A5VE

1 1 300.00 6600 -0.00

A;-- 0



_7 1 --- -- - ---- ---- - -- -- - -- -- - -- -- - -- -- - -- -- - -- -- - -------------------- ------ -----------rlr~r

PAGE 1
CASE I. P~OER dUU(UFl C,.LCULATIONS FOH RFTLRN LINK PESFORMANCE USER---TDRS---GROUND

SET 1. CCOGITIONS N IqFI,NSS,NPG
Rdued rom

Repo 4.ale copy.
.-. .HIGi- TA IATEItw.H .... SER- TELE T Rbest a

1*D. rPAAMETER PARAMETER PARAMETER TOLERANCE TOLERANCE
CO0E MER VALUE----------NUMeER VALUE

-------------------- -- ----------- ---eeeeee eeeee-e eeeeeeeeeeeeeeeeeeee--------------------e

O** USt-L ***

10101 TOTAL 1mANSvT T , CWER (USER) PAR(1) 10.0 OBW TOL(j)

10102 THchNSIllTIN CICUrll LOSS (USER) PAR(2) -1.0 DB TOL(2) 0.0 08

10103 TRHASMITTIN0 ANlfNNA GAIN USER PAR(3 37. TO3 ,6 DB
(3-FOOT OISP)

10104 THr\SMIITINr AN UINNA POINTING LOSS (USER) PAR(4) -2*5- B TOL(0 ) o-0(1.0 DEG)

10105- SPACE LCSS TRF-L-UNK) PAR-5) -203*9--0T TOL() 2*7 OR
(F= 1p357 Mr7 U=3t 800 KV)

10106 POLAZATION LCS --- .... .(RF-LINK) PAR(6) ..P..P.. -0.0 0- - TOL(6) 0l iB

10107 RFCEIVING ANTEhNN G3AIN (TDRS) PAR(7) 46.5 08 TOL(T) *6 DB
-.. (H-FT OiSr) --

110108 ECEIViN ANTEINA PCINTING LOSS (TORS) PAR(8) -17 OB TOL(I) .i Do
........... T(0,.3 DEG) . ...... . .- -- _ _ _ _ _P_ 9)_ _ _ 08TO _ _

1010ooq CETVIhNG ANTEN44 SCAN LOSS (TDRS) PAR(9) -0.0 08 TOL(9) 1.0 0B



-- - - - - ---- - - - - - - -- - - - - - - - -- - - - - - - -- - - - - - - - -- - - - - - --- - - - - - --------- --,-, ------------

PAGL 2

I.D. PAMAETEF PARAMETER PARAMETER TOLERANCE TOLERANCE

CODE NUMBER VALUE NUMBER VALUE

-- - - - - - -- - - -- - --------- eeeeeee..........

10110 RECEIVING ClICuIT LCSS (TDRS) PAR(10) -1.0 08 TOL(10) il DB

10111 SO 4E OF .AOVERSE TOLERANCES ............ (TDRS) PAR(11-- ------ 53 TOL )
(2 THRU 10)

10112 NET CIRCUIT LOSS (TDRS) . PAR(2 -131.00- TOLi2)
(SUf 2 THRU I)

10113 RECEIVEG RFI P(wr. (COHERENT) - (TDRS- PAR(13) 3000 B TO(13

10114 HECEIVED SIGNAL POWER (TDRS) PAR(14) -121*0 OBW TOLiP)
(1+12) ..

os* TORSLK . .

10115 kECEIVER THEpMAL NOISE SPECTRAL OENSITY ------ (TDRS) ---- PAR(15) 99 1 DBWHZ TO

(TS = 900 0EG KjF =6)

-O0116- -- ECEIVER BAr)IUT..----. (TDRST PAR 6) 66.0 O8/Z TOL'(16)
(4.0 MHL)

10117 RECEIVER NOISE PnWER (TORS)- PAR(17) ----- - ;133.1 08W TOL(IT)
(15+16)

1011R RECEIVEO SIGNAL pOWER-TO-THERMAL NOISE (TORS)'-----PAR118) V78 -B fOL(18)

SPECTRAL DErSITY (14-15)

10119- TDRS GAIN ...... DRS) PAR(9 120088 TOL(19)

10120 TRANSMITTED SIgNAL POWER (TDRS) PAR(20) -*2 DBW TOL(20)
(1.0w) .14.19)

, -- ~~- ~ --- ~~''



-------------------------------------------------------- 
------------ ----------- -----

PAGE 3
I.0. PAhAMETER
CODE PARAMETER PARAMETER TOLERANCE TOLERANCENUMBEA VALUE NUMeER VALUE

....................... U ... ... ... .

----------------- aaaa aaa--- ---- aaaa aaaa aaa- ---- a-------- aaa-------a

10121 TORS TRANSMIT!ED COHERENT INTERFERENCE (TDRS) PAR(21) -179*2 0BW TOL(2i
(13.19)

10122 TLPS TRANSMIT!EO THERMAL NOISE POWER (TDRS) PAR(22) -12.3 DBW TOL(22)(17.19) L.... . ..

10123 TRANSmITTING CIrUIlT LOSS (TORS) PAR(23) 5 08 D TOL(23) .1 DB

10124 TRANSMITTING ANTFNNA GAIN ...........-.- TDRS) . PA (24  . 6 T L0
(1-FT DISH)

10125 TRAS.4ITTING An ErNAPOINTING-'OSS- ( DRS) P-Tr25 00 08 TOL(25) .i o0

10126 TFrANSMITTING A.JTENNA SCAN LOSS (TDRS) PAR(26) -00 0OB TOL(26 . 0.0 D
----------------- ------ ---------

-- .1 0 1 2 7 -- . S P A C E L C S S . - -.-.-.. ---....(F=02,250 Mh, 0=SS 000 KM)RF I P 27) 02 TOL(27) 2 DB

10128 POLARIZATION LOSS (RF LINK)- . PAR(28) ... 0 -- TO Li - . B --

10E129 RECEIVING ANTENNA ' AIN (GRO) PAR(29) 65.0 DB TOL(9) 2 DB

10130 RECEIVING ANTENN,, PCINTING LOSS - (GRD) PAR(30 .0*0 008- TO(3 I DB

10131 kECEIVIA G ANTENN A SCAN LOSS (GRD) PAR(31) -0.0 DB TOL(31) 0.0 o

.10132- RECEIVING CICUir LCSS .-.. - - -GD--------- R--AP-(32) 0.-0 TOL(32) 0.0 DB

10133 SUOE OF ADVERS TOLERANCES (GRD) PAQ(33) "I*4 DB TOL(33)
(23 TMRU 32) P --- TO(_



------------------------------------------------------ -----------------------

PAGE 4

I.D. PAHAMEIER PARAMETER PARAMETER TOLERANCE TOLERANCE

CODE NUMBER VALUE NUMBER VALUE

------------------- --------------- ----- - -------- nnnnnnnnnnnnnnnnnnnnnnnnnnnnn--- ----

10134 NET CIRCUIT LC~S (GRD) PAR(34) *112.9 08 TOL(34)
(SOM 23 THRL 33)

10135 PHOCESSING C- In (GRU) PAR(35) -0.0 08 TOL(35)

10136 TOTAL RECEIVED 5TbNAL POWER ..-. GRO) PAFR36T -IT.Iw TO 10L(36)
(2^+34) _ _

10137 RECEIVEC CUrE2;ENT INTERFERENCE FROK TORS ... D) PAR(37) .. .... 2921 D0W TOL(3
(21+14)

10138 - CEIVEO COrrEN;T INTERFE;EiCE-- (GRD) FPAn(3B) -300.O;-0 W TOL(38)
I)RS TO GNU LINK

10139 TOTAL RFI PC!..Eh (CUhERENT) 2 (GRD) PA(39) -291.5 DBW TOL(39)
(37+38) (NCTE-. D6% CAN hOT BE AUOED DIRECTLY)

10140'.. HRECEIVEC [TERkAL NOISE POWER . . . (GRO) .:---..PAR4(0) -125.Z -'W - TOL(4o)
(22*34)

*** GCLK **_

10141 RErE!VER ThcpPAL NUJISE SPECTRAL DENSITY (GRD) PAR(41) -208.6 DBW/HZ TOL(41)
(TS =10O DEG K) * (KF=DS)

10142 RECEIVEM HANonaIrtm (GRD) PAR(42) 66.0 OB/HZ TOL(42)
(4.C MHL)

_ __



PAGE 5

0. PAAMETER PARAMETER PARAMETER TOLERANCE TOLERANCECODE NUMBER VALUE NUMER VALUE

------------------- --- - -eeeeeeeeeeeeeeeeeeeeeeeeee-------------------

10143 NECETVEli THM rAL NOISE POAER (GHO) PAR(43) -142.6 OBW TOL(43)
(41+42)

10144 TOTAL ThEiM. L NUTSE POWER OUTPUT (GRD) PAR(44) -125.1 DBW TOL(44(4--35+43) (,~NOt .OD CAN NOT BE AODED &IRECTLY)

10145 ACTUAL hECEIVE' THr-tlMAL NCISE SPECTRAL DENSTTY (GRHO) PAP(45) -1911 08W/HZ TOL(45)(44-42)

10146 ,ECEIVEL SIGNAL JuwER-TO-ThERMAL NOISE SPECTRAL(GRD) PAR(46) 78.0 08 TOi(46)Ut.-,SITY (36-_5)

10147 TuOT.L kECEIVG 3 TGNAL POWER-TO-IOTAL THERMAL (GHO) PAP(47) 12.0 08 TOL(47)
tv(j SE P -vEt (3-;-44)

1014A M YL LATIf .LOb (GiRO) PAR(48) -1.0 08 TOL(48) - 9 Os
....(C'JLATION LC\ IINCLUOES AiVERSE-TCLEPANCEL8-----

10140 kECETVE uAJt ~U CAkRIEH FO ER-In-Tl-ERMAL (GRD) PAR(49) 7700 08 TOL()__
NOISF SPECThAL UL-NSITY (46+48)

10150 kECEIVEA u6;,-li ZFI SPREAC INTERFERENCE (GRD) PAR(50) -357.5 DBW/HZ TOL(56)SPFCTRAL O'iSlY (39-42-35)

10151 TOTA._ ,NC CmIlLATFL) SPECTRAL DENSITY (GRO) PAR(51) -191.1 DBW/HZ TOLSi)(4c+50) (I*.. ?on IS NOT ADDEn OITECTLYY

BF



---------------------------------------------- 
------- -----------------------

PAGE 6

COE PAR ETE PARAMETER PARAMETER TOLERANCE TOLERANCE
NUMBER VALUE . ........ ... .NUMFRER - -- LU

-- ------- - --------------------------

1015?7 CEIVEu DA'I bu':CHRIEk POwER-Tn-CCHERENT (GRO) PAR(52) NA TOL(52)RFI PO4ER (30 4d-vq) -_

10153 RECEIVER DATA 'ULC!HRIER POWER-IO-TCTAL (GRD) PAR(53) -77* 08 TOL(531-- UNCCRFLA1TE GI CI ' SPECTRAL ENSIT i 3 y 3648 -1

-------------------------------------------

10154 CMANnEL iIT pAIL (2.0M 805) (GROD) PAR(54) 63.0 D08/8:S TOL(54)------ ToL(54)

-10155 AV LAiLE El\EiHY.I j-THERMAL NOISE SPECTR - --(GRD) PAR F 14.0 08- TOLctS)

10156 AVAILABLE Eia\GY.TO-RFI PCwER (CoHERENT)- (GRD)- A(56 NA 10L(56)

10157 AVAILARLE EhN;-uYT-TOTAL UNCOHHELATED (GRD) PAR(57) . .14.0 08 .. OL()NO!.SE SPECTHAL OLF-'ITY (53-54)

10158 RE(UTRED ENE-HY-TU-NOISE SPECTRAL .(GRD) 6-..PA R(S8 68 8 o-- (58,DENSITY (FC- UIT r=110**-3)

1015q CHANNEL MAPERn .;C MARGIN TGRD - -PA--R-) 7-2- DOB TOL )(u'CVE THE -ti Ow IE AOVERSE TulERANCES) 57-58

PERFORVACCF nMARGIN ~O 1iNS= 1 [SS= 1 IS ADEOUATE

ft



KEY PANAMETER VALUES _______________

-FR-THE.USERTELEETRYGCHANNEL

CASRET A RETER1T---f AKTERI) PA RAMETR 5)F

2 1 400400 80.00 14.00 ______



--------------------------------------------------------------------------------- 
---- -

PAGE 1

CASE 2? PC E1 oduCLg CLCLULATIONS FOR -?TLRN LINK PERFORMANCE USER---TDRS---GROUND irot

SET 1 CC;,j) I I NF i-F I NSS, NPG Ree
- - - - - - - - - - ------- ----------- ----

hIGH n.T ~A H ATE(,O ) SER TELEMETRY .... ...

DA PAMETER PARAMETER PARAMETER TOLERANCE TOLERANCE
NUMBER . VALUE - . NUMBER VALUE

-~~~~~~~~~-------------------------- --------------------------------~ - ---------- - - - -- - - - - -- - - - - - -- - - - --- -- - - - - -
-------------- ------- -- -- -- -- - -- -- -- -- --- ---- ---

US. .SE.L..r *

20101 TOTAL T NST.TE- $OwER (USER) PAR(1) 10.0 OBW TOL(i)

2012 ria sMITTI.-. Cihrruil LOSS (USER) PAR(2) -1 0 0DB _ TOL(2) 00 D

201n3 TAWS5 IT Aiir; - lLIl NA GAIN (USER) .. PAR(3) .. 379 . 6 D3(3-FOT i:iSrD

20104 Tli _S IN3 AN i' r-A PCrINTI NG LUSS - . (USE R ) - PAR() "2.5 B 0ii) 1 DB
(0.f UEG) *I. DR

2015 SP'CFE LLSS . ..-- -- -.. RF Kf 20 9 TP5)
(-=1.,357 Vr-v U=33 800 Ki)

20ln POLRZATIu ~ ,CS . . .. . . . RF- INK) . . PA (6) - TOL-6 *1 08

20107 "ErEIVIN, ATI\irN'. UAIN I - (TONS) PAR(7) 46*5 OB TO_(_)
(,0-FT ORsh) -.. . . ... . .. .

20108 RFECEIVI-N,3 A\TE NN PCITING LOSS (TDRS) PAR(8) -1.7 08 TOL(8) i DB
( 2 DEG)

201cr,( RECEIV1I'\ Ai Trir'N, SCAN LOSS (TDRS) PAR(9) -0*0 _B TOL(9) io DB

-- -- -



---------------------- '----------------------------------------------------

PAGE 2

•PA. -, AmETE PARAMETER PARAMETER TOLERANCE TOLERANCE
NUMBER VALUE...... NUMER VALUE

----- 
.. - ..- I--T 7 Y 7 i .O 

-------------
20110 .CEIVING CI:)CUIT LCSS (TDkS) PAR (0) -1*0 DB TOL(i0) I oB

-- 20111 -SOM:,E OF ,DVE;)t. OLERANCES -(T RS PA.1-i) -"3- TOL(Il)

20112 ,T CIRCUIT . (TDRS) -PAP (12F -131.0OB TOL--
(SU;p 2 T-U il)

20113 KEEIVEC i FI PUlw (COHEREr-T) (TORS. PA(13) .0 ODB -TOL(13)

20114 HtCEIVEG SIG.,AL oUwER (TOS) PAR(14) -1i..0 W TOL(4)
TOSLOL (14)

u**-- T-riSLK --.--

20115 kECETVE ThLr-.ML ,UISE SPECTRAL 0ENSITY -- -- '(TDRS).. PA-( 15) .19*9. -OBWHZ- TL 5)
(Tq got) =Er N,..,0: =b)

'"1'": :~~'~~:j""'' *' ;" -~ -~-~ -_:~-:-- ~ T~n, 'Pml6---- --- --------------20116 . ECEIVEri A' r w ' . . .T P 6) "80O - TOL(l6)
(4.0 M ,")

20117 RE IVER OI E r ', .z ..... RS --- PAR(17 .. 19. W 'TOt)

--20118 ECEIVEC bIGrAL U',ER-TC--hERMAL -OISE TDS PA(T t
SPFCTRAL DEOLSiY (14-15)

20119 .T -5 G4A,' - -....... (TrDS)-- PAR(19) 120 8-DB IL-19)

20120 TiA ASMITTEb SiU-L.AL iOdEF (TDRS) PAR(20) -*2 OBW TOLi20)(1 .O)) ~(1__ 
__).

- __ __



----------------------------------------

PAGE 3

1.0. PAAMETER PARAMETER PARAMETER TOLERANCE TOLERANCE

CODE NUMBER VALUE NUMER VALU

------------------- ------------ --------------------- ---- ---- -- -- - - --------- - -------

20121 TUPS TAN'SMITTLU CUrEkENT INTERFPRENCE (TDS) PAR(21) -179.2 )BW TOL(21)
(13+19)

20122 Ifp)S TRAMSiITI. L I nHMAL NCISE POW'ER (TDHS) PAR(22) 1*7 0BW TOL(22)
(17+19)

20123 TkANSMITINIl CHRCUl LOSS (TDRS) PAP(23) -.5 DB TOL(23) .i DB

-20124 TrANSMIIT ANlc!sNA GAIN ... -- (TRS)- PAR24) 264--  TO2(-) .6 0B
(I-FT O1SM)

--- 20125 --T.r'SITTIN( A '( i i A.h--POINTIN-G LtOSS (-T-DRS) ---p--_A-R(' t - )-0 B IL(25) 1 08

201PA T1\SMITTINu Ar\TcNA SCAN LOSS (TURS) PAR(26) -0*0 D8 TOL(26) 0o6 DB

2 0127 SPCE LCSS - HF NK- PA-rT27) -2074. OB TOL(27) 2 O
(F=P.256 tHZ, U=39000 KM)

20128 POLARIZATIUt\ LUb ------- -- ---(URF LINK) ---- PAR28) -0o70_8 TOL-28) .1 O8

20129 HECEIVING ATEi\N1 AIN (GRO) PAR(29) 65*0 08 TOL(29) .2 DB

20130 kECEIVING AMTEN,, r'CINTING LOSS (GRO) PA(30 "-iO -oB TOL (30) DB

20131 FECEIVING ANTEN ; CAN LOSS (GHD) PAR(31) "00_ OB TOL(3j) 0.0 O

20 1 3 2 RECEIVING CiCulT LCSS .(GRDO) A32) .. 0 0D TOL(32) 0.0 08

20133 SO-E OF .OVER;SE TOLERANCES (G D) A) PAR(33) *1.4 DB ..... ... .TOL(33)
(23 T1R L 32)

A ____________



---------- tron!duc ----------------------------------------------------------------

loest Fla coP PAGE 4

1.0. PARAMETER PARAMETER PARAMETER TOLERANCE TOLERANCE
CODE NUMBER ----------- VALUE NUMRER VALUE

----------------------------------- --------- ----------------------------------------- eeeeeeee---- -

20134 NET CIRCUIT ..Cbb (GHu) PAR(34) -112.9 DB TOL(34)
(SUV 23 ThU 3- ).

20135 PRnCESSING GAI' .(GRD) PAR(35) 14*0 08 TOL(35)

20136 IOTAL RECEIVED SGIAL POWER ....................... (GRD)----PAR(36) -113-08W T-L36)
(2-+34)

20137 REC(ETVEC COtk r-NT INTERFEIENCE FROV TRS (G O) PAR37) -292.OBW TOL(37)
(21+34)

2013 8 F PEcE I VEo CGrFi ITERFEREKCEF (GHO) PAR(38) -300.0 08W TOL(38)
Tvo:S TO G"O tIiv\

2013Q TOTAL RFI PC,aE (CUEEi\T) ( GD) PAR(39) -2915-DBW O~L(39)
(37+38) (NC t.. U~t CAN NUT BE ArED DIRECTLY)

20140 HECETVELU tiir;,L NUlSE POiER (GRD) - PAI.(40) -111.2 DBW TOL (40(2?.%34)

o GRULK cA
4

20141 EFCEIVEiR TrHiti~,L NUISE SPECTHAL nENSITy (GRO) PAR(41) -208.6 DBW/HZ TOL(41)
(TS =100 OEG r~r, hF=D8)

2014? RECEIVEA bf v, IDTN (GRD) PAR(42) 66.0 OB/HZ TOL(42)
(4.1 iWL)



------- ---- --- --------- - --- e e e e e e e e e e e e e e
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. PAnAP MTMETERCOD. TPARAMETER PARAETER TOLERANCE TOLERANCE
NUMBER .VALUE NUMBER VALUE

-- -- -------------------'--------- -----------------

20143 NECEIVEk ThEqMAL d'UISE POWEi (GRD) PAR(43) -142o6 DBW TOL(.3)(41+42) ---- ------.. . . . . . . . .

20144 TOTAL TmnEMA L NOTSL POWER OUTPUT (GRO) PAR(44) -125.1 DBW TOL(4.)(4:-3S.+43) (N(tL..jU CAI\ 'NOT B-I00ED-IRECTLY- L(

20145 ACTU L iECEIvEn ThEpiMAL NCISE SPECTRAL DENSITY (GRD) PAR(45) -1911 DBW/HZ TO( 45)(4 4 - 2) .. ..........

20146 RECEIVEU SIGNAL POER-TO-TLERMAL NOISE SPECTRAL(GROD) PAR(46)_ 78. 08 TOL( 6)DET!SITY (36- 45) - -- -

20147 TOTAL RECEIVEC bjyCVAL POWER-TO-InTAL THERMAL' (GRO) PAR(47) 12.0 08 TOL(7
NOTSE PCNEk (3,-44) .TL(4.)

2014f8 MOf4LLATION LOS (GH) PAR(48) -1.0 0B TOI(48) .5 08
(MOCULAIIUN LC S IrCLUDES ADVERSE TCLERANCE) .. A.......-_____ Q8............

20149 RECEIVE0 OATA UUqCARIER PFOER-io-T-ERMAL (GRO) PAR(49) 77.0 8 TOL(49)NOISE SPECTkAL U7N ITY (46+48) -. . T.

2011o F.rEEIVEA OU[fli :F1 SPREA5 INTEHFFRENCF (GRD) PAR(50) -371*5 0BW/HZ TOL(50)SPECTRAL DENSIIy (39-4?-35)

20151 TOTAL U\COHE LAJ: SPECTRAL DENSTTY (GRD) PAR(51) 191*l1 DBW/HZ TOL(5s)(4'*.6O) U1*.. B NOT ADDOE OIRECTLY)---

A



----------------------- _-__---__OI----------------e----------------------- 7 - - - - ' - - 7 -- - -- ------ - - --. .... -. . . . . . . ...- - - ---- - - - - - ° - ------------

PAGt 6

I.U1. PAHAMETER PAPAMETER PARAMETER TOLERANCE TOLERANCE
NUMER- VALUE ----.-...... --ALUE--- NUMBER VALUE

-------------------------------------- ----...--- - -------------- --.........................-------

20152 LCEIVE~ OAIA ~b;CA~RIER POWER-IO-CChERENT (GRD) PAR(52) NA TOL(52)
... FI PowER 136+46-19).__ _ _ ___ _ _

20153 RECEIVER DAI, buJiCtiRIER POEP-O.-TCTAL (GRO) PAR(53) 77.0 DB TOL (53UI'CClREL4TEC htl 1 SPECTRAL DENSITY (36+48-s51) ---.......

20154 Ch. ~EL HIT Q0AI (?.0O EDS) (GRO) PAR(54) 63.0 08/BPS TOL(54)

20155 AVAILAbLE Er HnYTrd-TrERMAL NOISE-SPECTRAL - (GRO---PAR(55) -..-. - -;O-0B TOL -)

DELSITY (49-54)

- --- ----20156 A"ATLAbLE E,%F~GY.TU-RFIPCWER (COEEfT) (GRD)- PFAWT56) NA TOL(56)
(52-54)

20157 AVAILA'LE EhERY.TU-TOTAL LiUCORHELATEO -- (GRO) PAR(57y- 14.-ODB T (5
NOISE SFECTKAL Ur-LNITy (53-54)

20158 NE6UIREC ENEnrY-TONOISE SPECTRAL - -- - (GRD)O - PAR (58) 6.80B TOU)
OEA:STTY (FCi dIT PE=1*10o**3)

2015q Cr. Vnx!EL PEkFn)kMA ICt WAHGIN TPA(59- 2--B TOL(59)
(A'CqE TrE SiU OF trE AOVEHSE TULERANCES)(57-58

PERFORMANCE -.IARGIN FnR zc= 2 SS= I IS ADEQUATE

A ~~--- ------ ---------- ~ -- ~ -_____

6.&..-

Ag~- --- "-



KEY PAHAMETRE VALUES
FoR THiE UStER TELEMETRY CHANNEL

CASe S- -ET--P'ARAtETEH(1-3-) - pARAErEA-16T -PARArM TER (359)

3 1 -125.80 ~ 600 0.000



------------------------------------------------------------------------------------
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CASE 3. PC:'ER RUDO1 CLCLLATIOAS FOk RETLRN LINK PERFORMANCE USER---TORS---GROUND

SET 1. rCDII 1IONS NiFiNSS,NFG

..- HTGH r)ATA RAE (HOH) USER TELEMETRY

I.D. PAFAMETER PARAMETER PARAMETER TOLERANCE TOLERANCE
CODE NUM~ER VALUE- -------- NUMRER VALUE

----- 

-- 

---

--- "- ....... - .....................------------------------------------..........-------------.. ...........

++o USEwLA **4

3010] TOTAL Ti;ANShfrTt PC E (USER) PA(1) 100 DBW TOL(i)

30102 TRANSMITTING CIrPUil LOSS (USER) PAR(2) -1.0 D0 TOL(2) n 08DO

30103" .TRANSMITTING A 1;NNA GAIN -- USER- PAT( 3 T DB TOL(3 .6 i--B
(3-FOOT DIS D

30104 THAFSMITTING AN 1N' A POINTING LOSS --.. (USER . .PAP 5.. . D ) .1 DR(1.0 OEG)

---301o5- SP' CE LGCSS -- ,R : LIN) A ) -203J9 DH TOL(5) 27 DO8(F=j,,357 17, D=3, 8"00 Kw)

30106- POLARLATION !0,- (RFLINK) PA(6) . . 0 08 -- TOL(6) *l 08

30107 RECEIVING Ai\TENNA GAIN (TORS) PAR(7) 46.5 OB TOLT L) . 0DR
.. ..... . U -F T 1 M )

30108 HECEIVIi\G ANTEN PO'TINTING LOSS (TORS) PAR(8) -1.7 DB TOL(8) o 08
(0.3 DEG)

30109 RECEIVING ANTENNA CAN LOSS (TORS) PAR(9) -0.0 08 TOL(9) 1.0 08

A



------------------------------------------- 
---------------------

PAGE 2

.0. PAAMETER PARAMETER PARAMETER TOLERANCE TOLERANCECODE -.. NUMBER ........ VAALUE

--------------- ---------------- ------ -----------

30110 RECEIVI NG CloCUI- LCSS .- TDRS).. PAR(10) 1 .O DB TOL(iO) .1 Do

30111 SOME OF AVEQSE- TOCERANCES 7. (TRSI( jT--A-R-1-- -5.3 08 TOL(I)
(2 THRU 10)

.30112 NET CIRCUIT ICSS -- - -- (TDRS -- PAT2 -1310-0B TOij)- -

(Si', 2 THrU 11)

-30113 . ECEIVEO HFI Pwe- (COHERENI) (TDRS) -- PARI3) 8 -5.B8 1TOL13)

30114 RECEIVE SINAL oOwER (TORS) PAR(14) -121*0 08 TOL(j4)

- 30115 . EETcE VER THE1 1. AL NVISE SPECTRAL -bENSITY (TDRST- -P-A--T1S- 1--I99.--7B- WYT-Z TOL(1i5)
(TS 900 OE- rF =6).

301T'-RECETVER -BANV 1L)- uT -RS) PAR(16) .66.0 OB/HZ TOL(l6)
(4.0 MZL)

- 30117 RECEIVER NOISE -- TWE --. D--- - (TRST1 F)(j) -133*1i-W TO- 17)
(1*16

30118 RECEIVED SIG NAL oUwEk-TO-TERMAL NOISE- -- (TURS . PAR(I8 78-OB -TO(j-6)
SPECTRAL DEAS IIY (14-15)

30119- :TDS GAIN .T.. .S AWq9) f 120.8 08 TOL(19)

30120 TH- NSMIITED SI b ,;L POWER (TDRS) PAR(20) *2 - 0 TOL01

-----------. ______ ......

A..I. :..... . ...... ___.: _ __



PAGE 3~----"~--- --------------- -- --------------- --- -- ---------
I.D. PAhAMETER PARAMETER PARAMETER TOLERANCE TOLERANCE
CODE ... rUMER .VALUE NUMBER VALUE

--------------------------- I --------------------------------------. .........--- .....- "" -- .......... ............. . -.-.................. *. . ..... .---. $*. .iI e

30121 TS TRANSITIEU CUhERENT INTERtEREACE (TOHS) PAR(21) -5. 0ew TOL(2 i)

30122 TDRS TRAINSMIT,1Lh TrERMAL NOISE POWER (TORS) PAR(22) _ 12*3 DBW- TOL(22)
(1)7+19)

30123 TRANSMITTING CIkU LOSS (TDRS) PAR(23) *05 0 TOL(3)

- 30124-.... TRANSMITTING- ANTjTN'A GAIN (TDRST ARS2--  - T0L(24) 6 0B
(I-FT DIS5)

.~0125-- TRASI1TTING hIE NA POTTNG-' 5 (TIRS- A-(5) -0.0 0B TOL(25) *

30126 TRANSMITING AINTNiA SCAN LOSS (TORS) PAR(26) -0.0 DB TOL(6) 0.0 oD

-- 30127 SPCE CLOSS . (R-F-L.-T).F PAR(2) -202.4 OB TOL(27) *2 D0(F=8,250 h2. U=-48000 KM)

30128 POLARIATION LQSS - RF LINK) PAR(28O B TOL28) *1 DB

30129 EICEIVING A i TENI14 'AIN (GRO) PAR(29) 65.0 08 TOL(29) .2 DB

30130 RECEIVING AhITENiN PCINTING LOSS .. (GRD) PAR(30) . ............ 0.0 o -- TOL(30) *1 0B

30131 RECEIVING ANTENN )CAN LOSS (GRD) PAQ(31) -000 DB TOL(3ji) 00 De

S3013--RECEIVING CI:CUir LOSS ...- (GR) --PA(32 *0--DB( TOL132) 0.0 08

30133 SO0E OF ADVERSE TOLERANCES (GRO) PAR (33) -1.4 OB TOL(3i
..(23 THRU 32) ... . . . ... .. . ..-- . . . . . . . . . .. ..------

- -- 2 TH- 32-.. ................--... .- .... ------- ----.... ___..-- -- _



---- --- ---- --- ---- ----a -- --- ---- --- -a-- --- ---- --- ---- --- ---- --- --- a a -- ---- --- --aq--- ---- ---
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Ci;k -cE-T -- PARAMETER PARAMETER TOLERANCE TOLERANCECOUE NUMBER - VALUE NUMgBEC VALUE

--- -----
a a aa---------- - - - --- ----- --- ----- ----- ----- ---- ----- ----- ----- ---- ----- -

30134 NET CIRCOIT LCS$ (GRD) PAR(34) -112o9 DB TOL(34)
(5iC 23 THRU 33)

30135 PR(CESSI, NG GlhN (GRD) PAR(35) 0.0 DB TOL(35)

-- 30136' TOTAL tCE1V-O -T AL POWER G-- RD}- PAT 6) - 13.7 BW-- TOL-36)
(?(*34)

30137 'RLcE IV 0 COIU0R NT iNTERFERENCE- FRO TIRS ------GROT PART37Y 7-17-9DBW - TOL~( 3(21+34)

3013R RErEIVED COFivT INTERFERENCE (DA L(381
TIiS TO (jN LINK

30139 TOTAL RFI Pu.,E (CUrERENT) (GRO) PAR(39) -117.9 DBW T03W39
(37+38) (NCTE.. U! CAIN NOT BE ADDED DIRECTLY)

30140 RECEIVED ThE WAL NUISE PowER - (GRO) --- PAR(4o) - -125.2 DBW TO L40,
(2??34)

U** GqCLN us

30141 HrECEIVER THEMAL NOISE SPECTRAL DENSITY (GRD) PAR(41) -208a6 DBw/HZ TOL(4)
(IS =100 DEG i), (LF=D )

30142 ?ECEIVER ATNnur t- (GD) PAR(42) 66.0 08/HZ TO ()
(4.n MHL) .

C t .. . . ...... ...... .. .. .

A. .._t'c



------ e ee ee ee ee ee ee ee e ee ee ee ee ee ee.---- --------- -

PAGE 5

COE PRAM AETER MPARAMETER PARAMETER TOLERANCE -TOLERANCE
;CODE NUmRER VALUE NUMBER VALUE

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- -- -e e e e e e e e e e e e e e e ee- -e ee- -e e- -e e ee-- - - - e- -e- -e-- - -e-e e e e e e e e e e ee-- - -

30143 HECEIVEk THE--AL NOISE POAEk (GRU) PAR(43) -142o6 08W TOL(43)
(41+42). ... ... .... .. ... ( 4 1.+4 2 ) . . .. .. . ...... .

30144 TOTAL ThERM L  Tut-b POWER OuTPUT (GRD) PAR(44) -1251 08W TOL(44)
(4--35+43)("0 .*U)b CAN OT BE ADDED DIRECTLY)

30145 ACTUAL RECEIVLE THEHMAL NCISE SPFCTRAL DENSITY (GRD) PAR(45) -191.1 08W/HZ TOL(45)
(44-42)

30146 RECEIVEO SIGNAL pU4ER-TO-THERMAL NOISE SPECTRAL(GRU) PAR(46) 780 OB TOL(46)_
DfTS.ITY (36-45)

30147 TOTAL ;CECIvEu STrINAL POwER-TO-IOTAL THERMAL (GRO) PAR(47) 12*0 OB TOL )NOISE PCoER (3,-44) - 0. ---

3014A MOrCULATION LASz (GRD) PAR(48) - -1.0 08 TOL4)
(NfnrCrLAI ION LCsb iNCLUOES ADVERSE TCLERANCE) 0- - (4_ D

3014q RECEIVE UAIA SUCAHRIER FOwRE-Io-T-ERMAL (GRD) PAR(49) 77.0 OB TOL(49)
NOTSE SPECTHAL Ur'ITY (4+*48) --

30150 R~EETV OUDL RFi SPREAC INTERFFRENCE (GRD) PAR(50) NA TOL(50)"SPECTAL ENSTI~ ( J-42-3) .. .. .

30151 TOIL UNCOMhFELAFU SPECTRAL DENSITY (GRO) PAR(51) NA TOL(51)
(45 5r) (NOTL.* D:W IS N;OTAO0DED OIRECTCY) --- -

ITEm 51 REPPESvNTS HE 6.-i CF TEHRAL NOISE SPECTRAL DENSITY AN) SPREAD COHERENT INTERFERENCE SPECTRAL DENSITY. FOR THE REASONS GIVEN
ii' APPENDIX C ('O L I)-- i 51 IS NOT-- APPLICA4LE.--S---RE SUT-iTEMS-S-3-S?---AN----ARE-A-SNOT- LPIARLTETHIS DOESNOTPRECLUD
A CASE-Y-CASE Ar,ALVSIS TO TAKE INTO ACCOUNT THE EFFECT OF RFI.

-rom

' eReprOdu b e cop-



-----
c--------------------------------- . .
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1. ). PA AMETEF PARAMETER PARAMETER TOLERANCE TOLERANCE
NUMBER VALUE NUMBER VALUE

. .. -- -..---- -- -- -- ------- - ------e---ee e e e e e e e e e e e e e e e e e e e e- --.-.,

30152 RECEIVEO OATA SUzCAhRIER POwER-TO-CCHERENT (GRD) PAR(52) 3.8 08 TOL(52)FI POwER (3(+46.39) . . .....

30153 RECEIVER DATA tiU,iCRIEH PC ER-I.-lTCTAL (GRD) PAP(53) NA TOL(53)UlNCOR ELATEL !.CIS7 6PECTAL DENSITY (36-48-51) _.. . . . .

30154 CH F jEL ilT ,AE (2.0-O 2OS) (GRD) PAR(54) 63.0 DB/BPS TOL(54)

30155 AVILAi-LE EI\EH 6Tu(-TmEHMAL NOISE SPECTRAL -- (GROD) PAR( 55 ' 4.0 DB TOL-5)
OE,\SITY ( 4 9-tl)

30156 AATLAh , LE ENN\Y.I'-HFI PCwER (CnHERENT) ---------- (GRO .. PAR(56) -592 08 TOL(56)

30157 AV,',TLAILE E i\;7Y.fi-TOTrL UNCOHHELATED - . (GRD .PAR(57) NA ... TOL()
NOISE SPECTHi-; L;E.;SiIY (53-54)

3015A ( EO;IREC Er\EGh"TO0rCISE .SPECTkAL G PAPT(58)... 6*8DB OL-5)
UE .SITY (FC-G biT rE=o10**-3)

-3015 Cr~Ah>IEL- PRF Fh A~C. MARGI- -- GRD- (GiD-- ~--- (S) TOL (59)
(maoVE THE U., Q< IE AOVEf'SE TOULEANCES) (57-58

PERFOANCF -.AHGIr Fh '~ =3 \SS= 1 IS NOT APPLICABLE

A



KEY PARAMETER VALUES
FfR -THE USER TELEMETRY CHANNEL

CAS E SE- ---SET- PA RATER RAETE T- r-ANE'T PI- RAME-R '35-- -

4 -125.8 80.00 14*00

Ar
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CASE 4. PC'4ER iUu G Zl CLCULATIONS FOk RETLRN LINK PERFORMANCE USER--.TDRS---GROUN

:SET 1. C.CIITION ?F iNSS,NPG

HIGh rATA hATE(HGh) L'SER- TLEMETRY . ... ._--..

CI.D. ~ n METER PARAMETER PARAMETER TOLERANCE TOLERANCECODE .NUMBER VALUE

.------- ----- __- ... _eee 
.ee.eeee.ee.eeee eee-e-e-ee-e-ee-eeeeee

++a USERLK ***-
------------------------------- -------------------- ----------- ------- --------

40101 TOTA L TRAnSruT]7.Eo PCWER (USER) PAR(1) 10*0 DBW TOL(1)

4010? TRANSMITTIrG CM tuI1 LOSS (USER) PAP(2) -1.0 08 TOL(M) 0.0 DB

40103 I1- rIt\f A Ni--NNA GAIN ---- USE ------- PAR(3) T3g-D8 TO[L(3) .6 D8
(3-FnOr CI~r)

40104 R-,,SMTIITIri Af',iu',A -POINTING LOSS ..............IUSER )--- PAR() ... ...........-.5DB TL(4) 1 DR
(1.0 )EU)

401 f~ PCELCS - ------- ( H LI) -203.9 D8 TOL(5) 2o7 DR(F=11,357 vr7 81() Kt)

40106 POi AtZATION I C- - (RL------ ---- INK)---" PAR6 .. TOL(6) *I o0

401n7 RLCEIVING ANTENN,, 6IN' (TDRS) PAP 7) 46*5 DB TOL(7) .6 DO

401,3 HECETVING ANTEN,,, POINTING LOSS (TDRS) PAR(8) -1*7 DB TOL(8) 1

40109 NECEIVING ANTENi,, aCAN LOSS (TDRS) PAR(9) .- 0.0 08 TOL() .Ijo 08

' A_ 
_ _ _ _ _ _ _ _ _ _ _ _ _



PAGE 2
I -. A E T E
COOE PARAMETER PARAMETER TOLERANCE TOLERANCENU-BER VALUE NU4MER VALUE---------------- -"-------------------------------------------------------- 

-------------- --------------------- -------
40110 ECEIVING CTCSr LCSS (TS) PAR10) 10 08 TO(i . DR

- 40111 .. SO;E-OF VvSD.S."- TOLERANCES TDRS FT 0  1)(2 T . T RR) -if)3O O I

40112 NET CICUIT 1(TDRS) 5PAR
..... (SU- 2 T--U -11)SA

40113 hECEIVEO RFI PUWH (COHERENT) ...........---- TDRS)T p PA(13--- -1--25-8B TOL(3

40114 HECEIVEC SILjAL pUaER (TDRS) PAR(14) -121.0 08W
(1.1?)12) TORS Te(j4)

+ .T 
LTORSLK

.. .- .. ........ -, TrH SLK Q 
__ _ __ 

___.............................40115 FCETVEH TiFPYAL ;4UISE SPECTRAL- NSITY TORS. PARIS5 199;-BW7H TOL--i
(TS = 90; Uri I\nIF =- 

. . . .

40115 RCE.VEH LAi\ n.IbTrl 
(TD RS) PA.. 16  -DS 8 0 TOL_ (16)

(4.C M"Z)

40117 EICE1VFV o0t_16) r,) (TDRS) .PAR(17V ..... - 19.1 8W ---- TOL--

40118 RE CEIVECi SI( NAL Po'UER-TO-ThERpAL tOISE 1TODRS) PA( 78-1..SPFCTRAL OE:\ lI f (14-15)

40119 ILQS GAIN - RS . PA -9. j208- L(_19)

40120 1HaI SMITTED Slk: .L POWER (TORS) PAR(20) .2 DBW TOL(26)( 1 . ) ( 1 9 .1 9 . . . ... . .. .* 2 D B T O L 2 0 )



-- --- - ---- I ---- I-
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1.D. ARkAMETER PARAMETER PARAMETER TOLERANCE TOLERANCE
CODE --- "NUMBER . .VALUE NUMBER_ VALUE

-------- ------ m------- ------ - ---- em*m----------mee- --- e- ----- e ...---------------

40121 10 S T.NSM ITTE CUhEHENT IlTEHFEPENCE (TDRS) PAR(21) -5.0 08W TOL(21)
(13+19) ...... -_

40122 Id~sR TnA.NMTTE ThERMAL NCISE POWER (TDRS) PAR(22) 1*7 DBW TOL(22)
( 1 7 , 1 9 ) . . . . . . . . .. . . .

40123 TkANSMITTINC C rU11 LOSS (TDRS) PAR(23) -. 5 DB TOL(23) .1 09

40124 IRAiSMII IIN Al:IfyNA GAIN (TDRS).. PAR(24) 26.'4-0 TOL42- *6 iB
(1-FT 01Sr)

4012 - ISmI rT ING \L t,:NA PO:ITING L OSS (TDRS PAI(2 ) o0 ;-O IUL(25 *I DB

40126 TrhANSMITTIN G A;\I S'A SCAN LOSS . (TDRS) PAR(26) -0.0 DB TOL(26) 0.0 oB

40127 SPACE LOSS .. .(RF LINK) A(27202 B TOL(27) .2 DB(F=8,250 Nhi. L =7a*000 AM)

40128 PO'LAIZATIoCi LQS (RF LINK) PAP(28) -0.0 08 TOL(28 .1 08

40129 t rCEIVING A"TEL, ,"J, U IN (GRD) PAR(29) 65*0 DB TOL(29) .2 DR

40130 ECEIVING AN TEN..n CINTINQ LOSS GRD - PA30- --- 0 b..... TOL(30) .1 D

40131 HECEIVIN6 ANTEN NA 3CAni LOSS (GRO) PAR(31) -000 08 TOL(3i) 0.0 Do

40132 REEIVING CIPCUIT LLSS (GR) PAR(32) *0.0 8 TOL32) 0.0 DR

40133 S(,'.E OF Al)Vc StL TULEkANJCES (GRO) PAR(33) -1.4 08 TOL33 (
(?3 Tm'L 32)
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I.D. PARAMETER PARAMETER PARAMETER TOLERANCE TOLERANCE
CODE .NUMdER VALUE - NUMBER VALUE

----------------- -- -- - ------- -

40134 NET CI;CulT LCS_ (GRO) PAR(34) -112*9 DB TOL(34)
.(Sd~ 23 THE 33)

40135 PkOCESSIN~ G.4'I (GHO) PAR(35) 14*0 0B TOL(35)

40136 TOTAL RECEIVFOC sTGnAL POWER (GRD) . PAR(36) -1131 08W TOL(36
(2'.-34)

40137 kECEIVEC COrER;NT 1TERFERENCE FRO -TOR5S .... (GRD) ---- PAR(37 .1179~BW TOL(37)
(2'.34)

40138 I;ECEIVEG COFRt-NT INTEFERENCE- - -. . GN. ('D-) PAR(38) -300.0 DBW TOL(38)
Ti . S TO GND LIN .

40139 TOTAL RFI PC:h (COMERENT) (GD) G PA(39) -117*.9DBW TOL(391
(37+38) (cNTE.. Udc C* u rOT BE AODEC DIRECTLY)

40140 kECEIVED TMEPMAL OuulSE POER . - (GROD)- -PAR(4:6) . 4 111*i DBW- 0---)---OLii
(27+34)

*** GACL' *n

.40141 RECEIVER ThmEML JOISE SPECTRAL DENSITY .(GRO) PAR(41) -208.6 OBW/HZ TOL41)
(TS =100 OEG ), ( = ).........

40142 tECEIVEA OANuolWUTH (GRD) PAR(42) 66*0 DB/HZ TOL(42)
(4 .0 MHL)

CJ ________________

A'
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1.0. PAkAME1ER PARAMETER PARAMETER TOLERANCE TOLERANCE
COE NUER VALUE NUERVALUE

....................----------------------- -----..............---------------------------------------------------------------------------------

40143 RCEIVER TnEoJAL NUISE PO~EH (GHO) PAR(43) -142.6 oBW TOL(43)
(41+42)

40144 TOTAL ThEH M A UTSE POWER OUTPUT (GRO) PAR(44) -125.1 DBW TOL(44)
(41-35+43) (,nIE., Ud CAN NOT BE AD0ED DIRECTLY) .. -.----

40145 ACTUAL tECEIVEH THcHMAL NCISE SPECTIAL DENSITY (GRD) PAP(45) -191*1 DBW/HZ TOL(45)
(44-42)

40146 ErETVEZ SIGNAL pOER-TO-THERMAL NOISE SPECTRAL(GRD) PAR(46) 78. 08 TOL(46)
E N:S IT Y (3 6 -4 ) . .... . ... ..

40147 TOTAL RECEIVEL STGNAL POWER-TO-InTAL THERMAL (GRD) PAR(47) 12.0 OB TOL(4*)
NOTSE GcEH (3r,-44)

40148 YODULATIC\ LOS0 (GRU) PAR(48) -1.0 08 ' TOL(48) .5 08
(Mo1r'jLAIIuN IC bS iCLUDES ALVEf RS - TCLERNCE)---------

40149 ECEIVEO UAA bSuCARIER PG-ER-(I-THERrAL (GRU) PAR(49) 77.0 DB. TOL(49)
NOISE SPLCThAL UFNblTY (46+48)

40150 RECEJVEk CUlO l ,FI SPREAC INTERFERENCE (GRD) PAR(SO) -197*9 08W/HZ TOL(50)
SPECTRAL CEASI)Y (39-42-35)

40151 TOTAL JNCOHkL0PUo StPECTRAL DENbTTY (GRO) PAR(51) -190-3 DBW/HZ TOL(si)
(45+5 o ) (Q0lF o., IS- NOT ADDED' 0IECTLY ~

A

i . . ..

~r -- "
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CO. PAAMETER ' PAPAMETER PARAMETER TOLERANCE TOLERANCE
-CODE ... NUMBUER ER VALUE NUARER VALUE

----------------------------------------'---'---------- --------------------rir-rrr -------- -------- ------rrrrrrrr
40152 f7CEIVED DAIA SU ,CAkRIEH POWER-T-CCHERENT (GRD) PAR(52) NA TOL(52)

'FI PF'WER. (36.48-19) .. .. .

40153 kECEIVER UATA SUCbNHRIER POWER-IO-TTAL (GH0) PAR(53) 76 2 DB TOL(53)UNCCRRELATE. NuIlE SPECTRAL DENSITY (36+48-51 .. ...

40154 Ct-ihoJEL jIT RA1! (2.m 1B DS)" (GRO) PAR(54) 63*0 DB/8PS TOL(54)

40155 AV TLARLE E4REGY TO-THERMAL NOISE-SEC.YRL .. .G D ..p ) OB TOL(55)DErSITY (49-54)
- ----- ------ ______________ _ _ ______ __ _ _ _

40156 -. AVAILAiLE El;F~GY.T- IORFI-PCwER-C n - -- PA NA TOL( 6)

40157' - AVAILABLE EEr\GY.I-TOTAL UNCORRFL4TED -- 3RO8)---PR5 13V 0 (- O )NOISE SPECTR.L O;NSITY (53-54)
------------ -- ---- ;-- - - - - - - - - - - -

4015P REoUIREU ENEr.Y-TO-\OISE SPECTNAL -- (GR-D --- PAR(58) - 68D--B TOLs)
DENSITY (FC d61T PE=l1*j*-.3)

40159 CHANIIEL PEHRO)MiniCE MA'GIN GRD) .. PA59 6-DB TOL(59)(A.CVE TtE Sjit ur )?-E OVERSE TULERANCFS)(57-58

PERFORPANCF AARGIN FOR NC5= 4 hSS= 1 IS ADEQUATE

------ ------ -- ____



03/27/74 AF'COM i rCi-w CNTii PSP L357 09/01/73
15.22.5Y.V-5i0AC n ;M
15.?3.01.IP 00002624 vU:L) -FILE INPUT , DC 00
15.23.01. ny~.
15*23*. ELAP 12 W L215.23. ,1.H xC ( C SLAT jFEREYS

15.23.01. * o
15.23.01. * 0 S E A I
15.23.01. * R F F R E Y 5 *
15.23.r01. * *
15,23.01. consensen****e +++****On >+*+* ********

15.?3.01.FR.
15.23.33. 4.263 r SFCUN S CO PILATION TIME
15.23.33.L.GC.
15.23.471. 13615 PT 6cCUNOS LOAD TIML
15.23.59. STCP

15o23-59. 4.357 CP -SCQNDS EXECUTION TIPE
15"23.59.00 0o01o11? -,'Uo - FILE OUTPOIT , OC 40
15.23.59.CA 11.'.37 <qC. 11.037 AOJ.
15.23.59.10 2.3' EC - 2.3Vs ADJ.
15.23.59.C' 211..OG 0W. 12.b77 ADJ.

- 15~2 3 .5 9. S S .... 26.31i
15.23.5.P 18.0 SEC. CATE 03/?7/74
15*23-59EUJ EN OF Ju, * .........-...


